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:~ 
Mr. John Litton, P.E. 

DEPAR~ENTOFTHENAVY 
SOUTHERN DIVISION 

NAVN". FAoune ENGINEER1NG COMw.NI) 

P.O.BOJ('IOOIO 

NORTH Q.IARlESTON. s.c. 2M18-8010 

Director, Division of Hazardous and Infectious Waste Management 
Bureau of Land and Waste Management 
South Carolina Department of Health and Environmental Control 
2600 Bun Street 
Columbia, SC 29201 

5090/11 
Code 18710 
29 July. 1999 

SUbj: SUBMITTAL OF FFVISED DESIGN DOCUMENT FOR A_NAEROBIC-AEROBlC 
SEQUENTIAL TREATABILITY SYSTEM ZONE K (SWMU 166) 

Dear Mr. Litton: 

The purpose of this letter is to submit the enclosed revised Design Document for Anaerobic-Aerobic 
Sequential Treatability System Zone K (SWMU 166), for Naval Base Charleston. The Design 
Document is submitted to fulfill the requirements of condition IV.E.2 of the RCRA Part B permit 
issued to the Navy by the South Carolina Department of Health and Environmental Control and the 
U.S. Environmental Protection Agency (USEPA). 
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the Draft Design Document for Anaerobic-Aerobic Sequential Treatability Study for SWMU 166. 

The Navy requests that the Department and the USEPA review and provide comment or approval 
whichever is appropriate. If you should have any questions please contact Billy Drawdy or Tony Hunt 
at (843) 743-9985 and (843) 820-5525 respectively. 

Encl: 

Sincerely, 

~r~ 
DAVID P. DODDS 
Remedial Project Manager 
Installation Restoration ill 

(1) Design Document for Anaerobic-Aerobic Sequential Treatability System - Zone K (SWMU 166), 19 
July 1999 

Copy to: 
SCDHEC (paul Bergstrand, Mihir Mehta), USEPA (Dann Spariosu) 
CSO Naval Base Charleston (Billy Drawdy), SOUTHNAVFACENGCOM (Tony Hunt) 
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INTRODUCTION 

Design Document Anaerobic-Aerobic Sequential Treatability Study 
Zone K (SWMU 166) 

Revision: 0 

This design document for the anaerobic-aerobic (A-A) sequencing treatability study at SWMU 166 

is based on the Zone K RFI Report and the March, 1999, SWMU 166 Treatability Study Work 

Plan (TSWP). General and detailed information regarding the site history, hydrogeology, and 

contaminants of concern can be found in those documents. This design document is intended 

primarily for use by the contractor and subcontractor in constructing and implementing the 

treatability study system. However, aquifer testing results, predictive capture zone modeling, and 

corresponding Figures C-1, C-2, and C-3 are provided in Attachment C to this report. Other 

relevant figures are discussed and presented in Section 6 of this design document. 

The main objective of performing this study is to determine the feasibility of using A-A 

sequencing to remediate the chlorinated VOC groundwater plume. Though this technology is 

based on fundamental microbial principles, it has been applied at only a few sites in the United 

States and is considered an innovative technology. Furthermore, this technology is easily 

enhanced or inhibited by inherent chemical, geological, and hydrogeological variabilities difficult 

to reproduce in a laboratory. Therefore, a field-scale treatability study is needed to assess its 

effectiveness at SWMU i66. Section 3 of the March i999 TSWP describes objectives in more 

detail. 

Change in Proposed Study Area 

Based on aquifer testing results completed in Spring 1999, the study area was relocated from its 

proposed location as described in the TSWP. Aquifer test results indicate that in order to achieve 

recirculation of the re-injected groundwater through the study area in less than 3 to 6 months, the 

distance between reinjection and extraction wells would need to be decreased. This resulting 

decrease in distance would interfere with daily Naval Annex facility operations. Therefore, the 

study area was offset about 100 feet south of its originally proposed location. Details of the 

aquifer test and new study area layout are provided in Attachment C of this document. 



CONTRACTOR SCOPE OF WORK 

GENERAL 

Design Document Anaerobic-Aerobic Sequential Treatability Study 
Zone K (SIIMU 166) 

Revision: 0 

The contractor will provide labor, materials, construction equipment, and supervision as required 

to install and provide the Navy a complete and operational, sequential in-situ anaerobic-aerobic 

remediation system. The contractor is to furnish all piping components, including manually 

operated valves, operational equipment, all structural steel, grout, concrete, concrete masonry 

blocks, fasteners, anchor bolts, and paint. Groundwater wells will be installed by a separate 

drilling subcontractor. Items not listed but needed for the completed installation are to be provided 

by the contractor. 

The contractor shall establish onsile temporary utilities and temporary facilities that are required 

to do the work. The contractor shall promptly repair any damage to these or existing facilities and 

equipment during the work. 

1.0 EQUIPMENT SETTING 

1.1 Install the Following Equipment 

Blower Unit 

Compressor Unit 

Nutrient Feed System 

Groundwater Pumps 

1.2 Install the Following System of Groundwater Wells 

Groundwater Extraction Wells 

Groundwater Re-injection Wells 

Groundwater Sparging Wells 

Groundwater Treatability Study Monitoring Wells 
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2.0 EARTHWORK 

Design Document Anaerobic-Aerobic Sequential Treatability Study 
Zone K (SWMU 166) 

Revision: 0 

2.1 The contractor is responsihle for furnishing all lahor, equipment, transportation, and 

operations necessary to clear and grub, bring the site to grade, control dust, and prevent 

erosion as shown in the drawings. 

2.2 The contractor shall protect aboveground or below-grade utilities adjacent to the work 

area. Existing utilities will not be taken out of service without the specific authorization 

of the owner or the owner's representative. Before excavation, the contractor shall locate 

underground utilities within the work area. Accurately locate and record on project record 

documents any abandoned and active lines that were rerouted or extended. As excavation 

approaches utilities, the contractor shall hand-excavate to uncover utilities. 

2.3 The contractor is responsible for protecting trees. shrubs, lawns, and other features 

remaining as portion of the final landscape. The contractor shall protect benchmarks, 

existing structures, fences, manholes, cleanout plugs, and roads. 

2.4 NotifY the Navy of unexpected subsurface conditions and discontinue work in the area untii 

the Navy provides notification to resume work. 

2.5 The contractor shall repair damage promptly, as directed by the owner or the owner's 

representative. 

3.0 CONCRETE 

3.1 The contractor is to provide miscellaneous concrete pads, foundations, or grout as required 

to set equipment and steel to the elevations required. The contractor shall furnish all labor 

(including full-time onsite supervision), materials, equipment, transportation to job site, 

3 
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Revision: 0 

services, permits, and tools necessary to complete concrete installation as shown in the 

concrete drawings specified herein, subject to requirements of tl}e genera! conditions. 

3.2 The contractor is responsible for replacing damaged or unsuitable concrete pads or 

foundations as specified by owner or engineer onsite. 

4.0 PIPING AND INSTRUMENTATION 

4.1 The contractor is to provide and install all piping components, including manually operated 

valves, strainers, pipe supports, and anchors, and hangers. 

All piping indicated is to be installed by the contractor. The contractor will be responsible 

for field-routing any piping that is not detailed on the plans and elevations and is 

responsible for determination of the exact routing of all piping. The contractor is to make 

field measurements to determine actual equipment and tie-in point locations and to locate 

all interferences. The piping plans provided to the contractor are intended to be used to 

convey the intent and general arrangement of the piping. 

4.2 The contractor is to provide and install all instruments. The contractor is to exercise 

special care in the handling and installation of the instruments to prevent inadvertent 

damage to the measuring and controlling elements. 

5.0 ELECTRICAL 

Before installing any wire or conduit, the contractor shall obtain the exact equipment requirements 

and shall install wire, conduit, disconnect switches, motor starters, circuit breakers, and other 

items of correct size for the equipment actually installed. However, wire and conduit sizes shall 

not be reduced without written approval. 
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5.1 Codes and Standards 

Design Document Anaerobic-Aerobic Sequential Treatability Study 
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Revision: 0 

Equipment design, fabrication, testing, performance, and installation shall, UP Jess shown or 

specified otherwise, comply with the applicable requirements of NFPA 70 and IEEE C2 to the 

extent indicated by the references. 

5.2 Coordination 

The installation of the electrical work shall be coordinates with the work of other trades. 

5.3 Approval Requirements 

Where materials and equipment are specified to conform to the standards of the Underwriters 

Laboratories (UL), Inc., the label of, listing with reexamination, in UL-05 will be acceptable as 

sufficient evidence that the items conform to the requirements. 

Where materials or equipment are specified to the constructed or tested in accordance with the 

standards of NEMA, ASTM, or other recognized standards, a manufacturer's certificate of 

compliance indicating complete compliance of each item with applicable NEMA, ANSI, ASTM 

or other commercial standards specified will be acceptable as proof of compliance. 

5.4 Prevention of Corrosion 

Metallic materials shall be protected against corrosion. Equipment enclosures shall be given a 

rust-inhibiting treatment and the standard finish by the manufacturer. 

5 



6.0 FIGURES 
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Revision: 0 

As part of this design document, the following relevant figures are included: 

• Figure 1 - Equipment Layout 

This figure provides the general layout of the aboveground equipment. Concrete pad and 

fencing is also presented in this figure. 

• Figure 2 - Monitoring Wells and Site Layout 

This figure shows the location of the TS wells, equipment building (Figure 1) and the 

below ground piping network. 

• Figure 3 - Well Vault Detail 

This figure presents a profile view/detail of a typical well vault for the TS. 

• Figure 4 - Typical Air Sparging, Extraction, Injection, and Monitoring Wells for 

Anaerobic-Aerobic Sequential Treatment System. 

This fIgure presents a detailed view of a typical air sparging, extraction, injection and 

monitoring well for the TS. Note the well casing in figure is shown exceeding grade. This 

if for illustration purposes only. 
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Attachment A 

Specifications 



SECTION A - EARTHWORK 

CLEARING AND GRUBBING 

• Clearing and grubbing shall consist of the removal and disposal of all trees, brush, stumps, 

roots, grass, and weeds which would prevent construction to the elevations provided on 

the drawings. 

• All material generated as a result of clearing and grubbing activities will be stockpiled 

onsite at the location identified by the owner. 

• The contractor shall provide temporary fences, barricades, covering, or other items 

required to protect and preserve items to remain and adjacent properties as directed by the 

owner's representative. Clearing and grubbing shall only be conducted within the area 

proposed for grading activities. The contractor shall exercise care to ensure that existing 

trees and vegetation outside the proposed fill or excavation limits are not damaged. The 

contractor shall restore damage to the condition existing prior to the start of work, unless 

otherwise directed by and at no cost to the owner. 

DUST CONTROL 

• The contractor shall conduct operations and maintain the site so as to minimize the creation 

and dispersion of dust. Dust control shall be used during clearing, transport, compaction, 

rough grading, well construction, and equipment installation. 

EARTHWORK 

• No brush, trees, tree roots, stumps, rubbish, sod, muck, frozen, or any other material 

deleterious to the earthwork shall be placed therein. The contractor will be required, when 

directed, to remove any materials which the owner or the owner's representative considers 

objectionable in the earthwork. 

• The contractor shall protect aboveground or below-grade utilities adjacent to the work 

area. Do not take existing utilities out of service without the specific authorization of the 
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owner or the owner's representative. Before excavation, the contractor shall locate 

underground utilities within the work area. Accurately locate and record on Project 

Record Documents any abandoned and active lines that were rerouted or extended. As 

excavation approaches utilities, the contractor shall hand-excavate to uncover utilities. 

• It is the responsibility of the contractor to protect trees, shrubs, lawns, and other features 

remaining as portion of the final landscape. The contractor shall protect benchmarks, 

existing structures, fences, manholes, c1eanout plugs, and roads. 

• Notify the Navy of unexpected subsurface conditions and discontinue work in the area until 

the Navy provides notification to resume work. 

• The contractor shall repair damage promptly, as directed by the owner or the owner's 

representative. 

SECTIO~~ B - CONCPJ:TE 

SCOPE 

Contractor shall furnish all labor (including full time onsite supervision), materials, equipment, 

transportation to job site, services, permits, and tools necessary to complete the cast-in-place 

concrete installation as shown on the Contract Drawings and as speCified herein, subject to the 

requirements of the General Conditions. 

APPLICABLE CODES, STANDARDS, AND SPECI}"ICATIONS 

All work shall conform to the latest edition of the American Concrete Institute's (Ae!) and 

American Society for Testing Materials (ASTM) standards. 
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MATERIALS 

• Cement: ASTM C150, Type I (One brand shall be used throughout the project.) 

., \Vater: Fresh, potable. clean and free from injurious amounts of oils, acids, alkalies, salts, 

organic materials, or other deleterious matter. 

• Aggregate: Well graded, clean, hard, durable, uncoated stone or gravel conforming to 

ADTM C33, 3/4" to 1 'Iz", 

• Expansion Joint: ASTM Specification D1751-60T, 

• Joint Sealant: Federal Specification TT-S-00230, one part type, 

• Forms: Commercial standard, moisture-resistant, form plywood (not less than 5/8" thick); 

metal; or other patent-type forming system that will produce surfaces equal to the plywood, 

• Ready-Mix Concrete: Conform to ASTM C94, 

CONCRETE MIX REQUIREMENTS 

• All concrete shall be minimum compressive strength of r c= 4,000 psi at 28 days, 

• All concrete shall have a maximum slump of 3" for slabs and 5" for other members, 

• All concrete shall have a maximum water/cement ratio of 0,50, 

FORMS 

• The design, materials, and construction of all formwork shall conform to ACI 347, 

• All exposed corners shall be chamfered by 3/4" molding, 
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CONCRETE FINISHES 

• All slabs shall be screeded and floated to bring the surface to the required finish elevations 

with no coarse aggregate visible. After the concrete has stiffened sufficiently to permit the 

operation, the surface shall be floated at least twice to a uniform, sandy texture. 

• Dusting with any material to absorb surface water is prohibited. 

• A hard burnished, steel trowel finish with a very light burlap drag shall be provided for 

all slabs. 

• For the exposed sides of pads all depressions, voids, and any honeycombed areas shall 

be cut back to solid concrete, patched, and ground smooth. 

SECTION C - STEEL 

SCOPE 

The work to be perfornled under this section of u'1e specifications shall include tlie furnishing, 

detailing (including design of all connections), fabrication, and erection of the structural steel 

framing, columns, beams, bracing, ladders, grating, handrail, and toe-plate. 

MATERIALS 

Structural Steel: Conform to the applicable provisions of ASTM Standard Specification A36 and 

the latest codes and standards of the American Institute of Steel Construction (AISC). 

All materials shall be stored in a manner that will prevent damage from rusting, impact, 

and chemicals. All structural shapes shall be clean and straight. Twisted or damaged 

sections shall not be used. 

Bolts: All bolting is to conform to AST~v1 Specification A -325. 

Angle Iron: All L shaped supports are to be standard L 2 X 2 X 1/4 solid metal pieces. 
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H beams: All H beams are to be standard W 6 X 12 solid metal beams. 

Steel plates: All plates will be standard 4' X 8' sheets of metal 114" thick. 

FABRICATION AND ERECTION 

The contractor shall be responsible for the design adequacy of all steel connections. 

The erection shall be done in accordance with the latest edition of the AISC specifications, the 

A Ws code, and the OSHA standards. 

All column bases shall he set on steel shims of sufficient size to support the dead load of the 

structure. After the structure has been plumbed, leveled, and bolted, grout beneath the plates per 

the grout manufacturer's recommended installation instructions. 

SECTION D - PIPING 

SCOPE 

The contractor is to furnish all labor , materials, equipment, services, permits, and tools necessary 

to complete the piping as shown on the schematic P&ID drawings and the plans, layouts. 

Piping is to be installed in accordance with the Pipe Fabrication Institute Standards Fabricating 

Tolerance, PFI Standard ES-3. 

No alternate components or materials shall be substituted without the written approval of the 

owner or engineer. 

LINE IDENTIFICATION 

Pipe lines are numbered per the following scheme: 

Example: 4"-PW-CS 
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4" = 

PW = 

CS 

Nominal Pipe Diameter 

Service 

Piping Material Specification 

SUPPORTS, ANCHORS, AND HANGERS 

All piping shall be adequately supported, guided and anchored to prevent excessive vibration, 

deflection, and stress on equipment. Piping is to be supported such that no stress is placed on the 

pumps, centrifuge, or other rotating equipment. 

Piping shall be arranged and supported to permit removal of equipment for maintenance. 

TESTING 

All piping is to be hydrostatically tested upon completion of the installation to insure that there are 

no leaks at flanged, clamped, or welded connections. Testing is to be performed at the system 

design pressure, 125 psig. Instrument components subject to damage by the hydrostatic test are 

to be temporarily removed or blinded from the system 

SPECIFICATION CARBON STEEL (CS) FITTINGS AND PIPE 

Pipe 

2" and smaller 

3" and larger 

Fittings 

2" and smaller 

ASTM A-53, ASTM A-106 GR.B, or ASTM A-l20. Standard 

weight (schedule 40), commercial, galvanized, threaded ends. 

ASTM A-53 GR.B or ASTM A-I06 Gr.B, standard weight, 

commercial, carbon steel, compatible with fittings for grooved pipe 

as manufactured by Victaulic, Grinnel, or equivalent. 

ASTM A-338 or A-197, 300# threaded, malleable iron, galvanized 

conforming to ANSI B16.3 or ASTM A-126, Gr.B. 

A-6 



3" and larger 

Unions 

2" and smaller 

Flanges 

2" and smaller 

3" and larger 

Bolting 

Gaskets 

Standard Victaulic, Grinnel "Groove-Lock" or equivalent grooved 

end fittings for IPS piping. Flexible or rigid type fittings per fitting. 

Follow manufacturer's recommendation for location and service. 

Follow manufacturer's recommendations for gaskets, bolting, outlet 

connectors, and flange adaptors for a system to provide 125 psig 

rating in process water service. (Process water will have a pH of 

7 to 10.) 

ASTM A-197, 300# malleable iron, or ASTM A-lOS Gr. B, 300#, 

carbon steel, galvanized, ground joint, brass to iron seats. 

ASTM A-lOS Gr. I, carbon steel, 150# flat face, threaded, 

galvanized, bore to match pipe schedule. 

ASTM A-lOS, Gr. I carbon steel, ISO# flat face slip-on or weld 

neck, bore to match pipe schedule. 

ASTM A -307, Gr. B, hex head machine bolts with heavy hex nuts. 

1/16" thick neoprene 

Gate, Globe, Ball, Three-way, and Check Valves 

2" and smaller 

Butterfly valves 

3" and larger 

200# bronze body, threaded ends, bronze or stainless steel trim, 

specified for water and compressed air service. 

As manufactured by Victaulic "Vic 300", Grinnel "Series 7000" or 

equivalent. 
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Gasket Strainers 

2" and larger As manufactured by Armstrong, Model SU-lOS. Cast Iron body, 

304ss 20 mesh screen, flanged pipe connections. 

POL ¥VINYL CHLORIDE (PVC) SCHEDULE 80 FITTINGS AND PIPE 

This specification covers the manufacturing requirement for PVC Schedule 80 piping component 

intended for use in industrial pressure rated fluid handling systems of 140°F or less where 

resistance to corrosion is of prime importance. 

Materials: Pipe and fittings shall be manufactured from PVC compound which meets the 

requirements of cell classification 12454-B polyvinyl chloride as outlined in ASTM D-1784. PVC 

shall be gray in color. Pipe and fitting materials shall be specifically formulated with sufficient 

UV screeners to provide for long term outdoor exposure with no deleterious effects. 

Materials from which pipe and fittings are manufactured shall have been tested and listed 

for conveying potable water by the National Sanitation Foundation (NSF). 

Dimensions/Design (IPS size): Fitting components that utilize socket type solvent welded 

connections shall have socket diameters, lengths and wall thickness as required by ASTM D-2467. 

Components utilizing taper pipe thread connections. Shall have thread length, diameters and 

configurations in conformance with ASTM D-2464. 

Fittings shall be industrial, heavy duty, hub style. 

Flanges shall be one piece solid design or two-part van stone type which utilize the taped, serrated 

face and full face gasket technique for joining and are compatible with ANSI B16-5 class 150 

metal flanges. 
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Unions shall be the O-ring seal type having interchangeable components with time-union valves 

for maximum system versatility. 

Unions intended for joining dissimilar materials shall be the transition type, which utilize 

components of the two dissimilar materials, joined with an O-ring to adsorb the thermal expansion 

coefficient differential. 

Pipe shall be as prescribed by ASTM D-I785 for pressure rated piping system. 

Pressure Ratings: Socket tittings shall be pressure rated the same as the corresponding size pipe 

prescribed by ASTM D-I785. Threaded fittings shall be pressure rated at 50 % of the rating for 

socket fittings. 

Valves, unions and flanges shall be pressure rated at 150 psi for water service at 73 OF, non-shock 

and have a minimum burst requirements of 3.3 times the rated pressure. 

Pipe shall be pressure rated as prescribed by ASTM D-1785. 

Markings: Fitting and pipe shall be clearly marked with the manufacturer's name or trademark, 

material, ASTM number or alternate symbol indicating compliance with NSF standard 14 for the 

conveyance of potable water, and further indicating compliance with the applicable ASTM 

standard and country of manufacture. 

PVC BALL VALVES 'hI! THROUGH 1 'hI! SIZES 

Materials: Major component parts shall be constructed of II>" -1/1/2" PVC - polyvinyl chloride, 

cell class 12454-B per ASTM D-1784 industrial gray in color. 

Dimensions/Valve Design: PVC socket p.jpe COlln.ectors shall be as required in ",A .. ST~ .. 1 D~2466, 

ASTM D-2467. Threaded type connectors shall be as required in ASTM D-2466 ASTM D-2464. 
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The valve assembly shall be of uni-valve construction, such that a two-piece body is permanently 

screwed together to contain seats which are maintained under compressive load against the ball 

by elastomeric energizing rings. The valves shall have no user serviceable components except 

handles, and u~e general design shall stress efficient space utilization and economy. 

Flow restriction shall be minimized by full port valve design for sizes '12" -I" and conventional port 

design for the I '12" size. 

Valves shall have optional round handles available for safety operation. 

Performance: Valves shall be rated for 150 psi service at 73°F water; non shock and have a 

minimum burst rating of 3.3 times the rated working pressure for maximum safety. 

Markings: Valves shall be clearly marked with the manufacturer's name or trademark, size, 

material of construction, country of manufacture and the NSF-pw SE seal. 

PVC BUTTERFLY VALVES 2" THROUGH 10": This specification covers the manufacturing 

requirements for PVC butterfly valves intended for use in industrial and commercial piping 

systems. 

Materials: Body shall be manufactured from a PVC compound which meets the requirements of 

cell class 12454-B polyvinyl chloride as outlined in ASTM 0-1784. 

Disc shall be brass ASTM B-124 with EPDM upper and lower shaft shall be 420 S.S. ASTM-582 

O-ring seal material shall be EPDM. 

Bearing shall be PTFE bronze centered on steel. 

Handle shall be of malleable iron with epoxy coating or PVC with throttling index plates. 
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Valve Design: Valve body shall be of the wafer design for ease of installation and maintenance 

and shall be compatible with bolt hole pattern, ANSI B16.5 class 150; B.5.1560 class 150; DN200 

ISO 2084 PNI0; and DN 200 DIN 2532 PNIO. 

The shaft shall splined to lock into the disc to ensure positive rotation. The shaft shall be guided 

by Teflon coated bearings to ensure against deflection. Disc position shall be indicated by the 

shaft when the Landa is removed. 

Markings: Valves shall be clearly marked with the manufacturer's name or trademark, size 

material of construction, country of origin and pressure rating. Valves additionally bear the NSF

pn SE seal. 

Performance: Valves shall be rated bubble-tight at 150 psi at 73 OF water, non-shock. The 

pressure rating shall be based on a minimum safety factor of 3.3. 

SECTION E - PUMPS 

GROUNDWATER WELL PUMPS 

GENERAL 

Furnish and install CEE Standard Ap-4 or equal submersible pump(s) to extract 4 USGPM against 

a total head of 50 feet. 

Pump Design 

The pumps shall be of the submersible type, down-well controllerless total auto pump system: 

• Down-well located (submersible) air operated pump 

• Internally controlled require no surface controls or otherwise 

• Available for flow-rates at minimum 4 GPM 
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• No surface mounted control, bleeders, or bubblers. 

• Ready to be used immediately without any adjustments 

• Pump control will be regulated using a liquid level controller located in the holding tank 

to turn the pump(s) on and off 

• Air requirements maximum 90 psi, 2-4 SCFM. 

The total fluid recovery system should be available with the following: 

• Material of construction - stainless steel 

• High strength reinforced tubing 

• A pneumatically driven device that counts the number of pump cycles for maintenance, 

service, and statistical purposes with minimal loss in air pressure or performance. 

SECTION F - BLOWER 

Regenerative Blower 

• The centrifugal blower unit should deliver substantial air flow at moderate pressure 

• Blower should have a direct -drive, high speed, rotating impeller that regenerates or 

compresses inflow with each revolution. 

• Blower should not have gears, belts, motor brushes or sliding vanes that require 

maintenance, impeller, mounting base. 

• Blower should have suction/discharge silencers that reduce noise level to below OSHA 

standards. Blower should have build-in thermal protection to prevent overheating. 

• Totally enclosed motors should operate on 50/60 HZ CSA certified and UL approved. 
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Sizing 

Maximum Pressure in Inches of Water 

HP 

Maximum CFM 

Power 

SECTION G - COMPRESSOR 

= 55 

= 1 

= 98 

= 2301V /3<1>/60 HZ. 

Compressor will be single stage, soil injected, rotary screw type compressor. 

Electrical Motor 

TEFC, 230/460V, 3-phase, 60HZ, 3600 rpm, Class F insulation. 

Starter 

Full voltage magnetic starter with 115V -single phase 60 HZ control voltage 

Drive 

V -belt with automatic tensioning device that provides optimum power transfer and long belt life 

Control Panel 

Display of discharge pressure, air and lubricant discharge, temperature, operating hours, start-stop 

switch, power on light, emergency stop button safety system with compressor, on light. 

Safety system consists of motor overload, high air and lubricant discharge temperature, wrong 

direction of rotation, and loss of drive should be signaled by lighted indicators. 

Compressor Control 

Automatic dual control to run either fully loaded or unloaded with reduced power requirement 

during idle periods. Idle period is set to allow delayed stop of compressor in case of no air 

demand. 
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Air/coolant system 

Air intake and cooiing air enters the unit through repiaceabie pre-fliter. Pneumatic inlet and vent 

valve. AS ME separator should be equipped with safety relief valve. Oil level sight glass, and 

quick disconnect fittings for manual verification of separator element contamination. Tank 

mounted unit. Compressor should be equipped with air drying system. 

SECTION H - METERING FEED PUMP 

Air-operated Batch Metering Pump 

~ Air-operated diaphragm should be equipped with a pneumatic controller assen1bly for pre~ 

set dispensing. 

• The controller should monitor the diaphragm pump pulse to allow to accurately control the 

number of cycles the pump will produce. 

• The pump housing is polypropylene; the diaphragm and ball check valves should be teflon. 

• Maximum temperature is 150 OF, maximum pressure 100 psi. 

• Pump should have a 114" FPT air inlet. Intake and discharge '12" FPT. 

SECTION I - GROUNDWATER WELL SYSTEM 

System Elements 

The groundwater well system to be installed for the treatability study will consist of two extraction 

wells, four re-injection wells, two air sparging wells, and three treatability study monitoring wells. 

The location map shows where these wells are placed on the treatability system area. 

Groundwater Extraction Wells 

Two groundwater extraction wells will be 4-inch polyvinyl chloride (PVC) screened in the deep 

saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from 
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the base of the underlying Ashley clay formation which forms the relatively impermeable layer 

underneath the deep saturated treatability zone. 

Groundwater Re-injection Wells 

Four groundwater re-injection wells will be 4-inch polyvinyl chloride (PVC) screened in the deep 

saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from 

the base of the underlying Ashley clay formation which forms the relatively impermeable layer 

underneath the deep saturated treatability zone. 

Groundwater Air Sparging Wells 

Two groundwater air sparging wells will be 2-inch polyvinyl chloride (PVC) screened in the deep 

saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from 

the base of the underlying Ashley clay formation which forms the relatively impermeable layer 

underneath the deep saturated treatability zone. 

Groundwater Treatability Study Monitoring Wells 

Three groundwater study monitoring wells will be 2-inch polyvinyl chloride (PVC) screened in 

the deep saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length 

starting from the base of the underlying Ashley clay formation which forms the relatively 

impermeable layer underneath the deep saturated treatability zone. 

Well Specifications 

All the wells will be installed in a boring drilled to a depth to target the deeper zone of the aquifer 

just above the confining Ashley unit. The wells will be flush-mounted at the ground surface and 

have a well vault. A typical well design and vault design is in Attachment D. The completed drill 

hole will have an outer diameter of 8 to 12 inches, and should be large enough to accommodate 

a 2- or 4-inch inside diameter (ID) well screen and standpipe. The wells will be flush-mounted 

at the ground surface and have a well vault. A typical well design and vault design is in the 

drawing section, Section 6, of this document (Figures 3 and 4). 
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After installation, the dewatering test well shall be thoroughly developed by the drill crew for at 

least 2 hours, using a combination of pumping, surging, and flushing with potable water. All 

residuals derived from drilling and developing the dewatering the test well will be managed as 

hazardous waste. Development will be completed when the engineer or geologist has judged the 

well to be clean and hydraulically responsive. 
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Attachment B 

Instrument Information 
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r 
AutoPuIDP® DATA MODULE 

WEATHERPROOF ENCLOSURE ~ 

'\ 
~AIR-TO-PUMP GAUGE 

o @ 

~------~--------~------~~ H-------~L 

AIR INLET SUPPLY 
GAUGE 

FILTER/REGULATO 
COMBO - 5 MICRON 

AIR FILTER 

PUMP CYCLE 

NOTES: 
• ON/OFF VALVE FOR LEVEL INDICATOR NOT SHOWN 
• DIFFERENT TYPES OF LEVEL INDICATORS AVAILABLE. 
• VACUUY AND/OR PRESSURE GAUGES AVAILABLE. 

SENSOR 
REGULATOR 

U-----~L 
SENSOR 
GAUGE 

.5-5 SCFH 
FLOW 

METER 

-0-200" 
LEVEL 

INDICATOR 

• ENCLOSURE SIZE VARIES DEPENDENT ON COMPONENTS SPECIFIED IN ENCLOSURE. 

1 

~ .... Clean Environment Equipment 
~~ EQUIPMENT FOR GRDUNDYATER REMEDIATION 

AND LEACHATE EXTRACTION 

FRONT VIEW - COVER REMOVED 

U33 7th ST. _____ twa.MD. CA 946G7 

... CS1O) 871-oaao C80CD 537--1767 F#3. CS1O) 444-67'89 .......... 
................ 1Nl:IF>D 

MaLM!1I' 

:c!~ ,,::::: 
........... 

...... 
[]NY RAHtR ~ ....... ....... 

. AUtOPUMP 
DATA MODULE 

600131 



FLANGE WRLT. r.~PS 

FLANGE WELL CAP WITH 
HOSE BARBS & 

EYEBOLT 
NOTES: 

• AVAILABLE IN SIZES 
TO ACCOMODATE MANY 
WELL DIAMETERS. 

• EYEBOLTS AVAILABLE ON 
TOP AND/OR BOTTOM. 

FLANGE WELL CAP WITH 
NYLON COMPRESSION 
FTIM1NGS & EYEBOLT 

FLANGE WELL CAP WITH 
QUICK-CONNECTS 

& EYEBOLT 

~ ...... Clean Environment Equipment 
r~ EQUIPMENT FOR GRDUND'JATER REMEDIATION 

AND LEACHATE EXTRACTION -- U33 71h n. ........... -
<Sl.O) etl-l88O CIOQ) 137-17'" FAX (5lQ) ~.,., _ mu: 

FLANGE '.tELL CAPS 
... .. 



WELL CAPS 

WEll CAP WITH 
HOLES & EYEBOLT 

(NON - PRESSURE) 

-

WEll CAP WITH 
NYLON COMPRESSION 
FITTINGS & EYEBOLT 

- - - - --- - - - --- -(- - --- --- --- ---

WEll CAP WITH 
HOSE BARBS & 

EYEBOLT 

NOTES: 

- AVAILABLE IN SIZES TO 
ACCOMODATE MANY WEll 
DIAMETERS. 

-EYEBOLTS AVAILABLE ON TOP 
AND/OR BOTTOM. 

-~fd 
WEll CAP WITH 

QUICK -CONNECTS 
& EYEBOLT 

A Clean Environment Equipment 
, ..... EQUIPMENT fOR GROUND .... ATER REMEDIATmN 

AND LEACHATE EXTRACTION 

"'ELL CAPS 
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AIR IN --

EYEBOLT FOR 
PUMP SUPPORT 

4- INCH I.D. 
PVC \.IELL 

~-- . 
.:----:::: . . ------ -----:- -- -:- . . ---------~ - ----- -------~ -----==---. :---:::.:..-:...--~--. -- ----.-:.....--------,----- --~~--.~.--
-~.---~.--~~-:::-.-- .:-. - --- ---.:::---.~---:-._-. ----. "---. =--===----:--::.:.. -:... --. 

-:::..... ------===-----~ -----~---------- -'"",--- ---
~--~-:.....-~------- ---. --~---~-.:.....-~ 
~--:::?---~ -----. ---- ---------.-:.....-- . --- ------::.....-.:.....~ -- --. 

THE CAPS ARE 
ALSO AVAILABLE 
\.lITH BARBS 
INSTEAD OF 
QUICK CONNECT 
FITTINGS AND 
PIGTAIL HOSES 
TO MEET SITE 
REQUIREMENTS, 

SOIL VENTING WELL CAP 
WITH AP-4/TL AutoPurnp€> 

~--- FLUID DISCHARGE 

THREADED AND PLUGGED 
HOLE AVAILABLE 

2-INCH VACUUM PORT 

~---t-- CONE OF DEPRESSION 

--~ .----.. -
- ---- -:-"'-.-:---.- .---" ------...:-.....-....-' 

HYDROCARBON 

TOP LOADING 
AP-4 AutoPuMP® 

....- ....-

.--;:::: ~;;: 
-~~~-:. 

NOTE: 

--' ---"..:.::::--.- .....---: 

\.IELL CAPS AVAILABLE IN 
SIZES TO ACCOMODATE 
MANY \.IELL DIAMETERS 
AND VACUUM PORTS, 

~ ..... Clean Environment Equipment 
................ EQUIPMENT FOR GROUND'JATER REMEDIATION 

AND LEACHATE EXTRACTION 

--



C E E • Tanlc-Full Shut-Off System (TFSO) 
SECTION 7 

ii.iiiiii ••• S PEe F CAT i o N S 

The CEE Tank-Full Shut-Off System is a self-contained safety system which can be used to 
turn off other pneumatic systems in the event of a liquid level rise or a pressure increase in a 
container (e.go, product recovery tank, oiVwater separator, arld/or surge tank). This system, 
which incorporates a dual-sensor safety mechanism, can be "T-ed" to monitor many tanks or 
containers without the need of adding more TFSO systems. This system consists of a 
TFSO Tank Unit with a fume/product overflow return, an air-operated control panel, a 
filter/pressure regulator, and a hose package. 

METHOD OF OPERATION 

The TFSO System is mounted first in a given series of pneumatic systems and passes 
compressed air to other "downstream" pneumatic systems as long as a "trip condition" does 
not exist. A TFSO Tank Unit is attached to each tank where shut-off protection is desired. 
The TFSO System monitors all TFSO-equipped tanks and if anyone of the following 
conditions exists, the system closes the valve supplying compressed air and exhausts the 
air, shutting down all "downstream" systems: 

• Liquid Level Rise in the Tank. If the liquid rises 4 inches above the float guide tube or 
pushes the float up against the trip button, the system trips. 

• Hoses Are Not Properly Connected or a Hose Leak Exists. If an 1mproper hose 
connection is made or t~ere is a cut in one of the sensor hoses. the system wi!! trip. . 

• Tube Sensor or Fitting Blockage. If any of the hoses or fittings become clogged by 
debris or condensate build-Up, causing back pressure of up to 3 to 4 inches of water 
pressure, the system will trip. 

• Tank Vent or Control Exhaust Blockage. Dangerous pressure buiid-up in a coniainer 
is sensed by the TFSO Tank Unit and causes the system to trip. 

• Tank-Full Reset Button Has Not Been Pushed. The TFSO System requires the 
manual pushing of the reset button before continuing operation. 

• OillMoisture Enters Controls. If oil or water from the compressor clogs the sensors, 
the controls will shut down. 

TFSO TANK UNIT 

The TFSO Tank Unit has two sensors (a bubbler sensor and a float sensor) and a 
fume/product overflow retum. 

The bubbler sensor: 
• Is fed a small amount of air which bleeds into the atmosphere or bubbles into the fluid. 

• Is the guide tube that the float sensor slides up and down. 

• Trips when 3 to 4 inches of water pressure is sensed. 
The float sensor: 

• Utilizes a 2-piece, hydrocarbon resistant float. 

• Is triggered as the float rises with the fluid level coming in contact with a button located 
on the TFSO Tank Unit. This contact releases the air pressure built up behind the 
button, tripping the system. 

The fume/product overflow return: 
• Directs fumes back into the well (or other tanks if desired) under normal conditions to 

avoid potential hazardous accumulations of explosive fumes. 

• Allows fluid to return to the well (or atmosphere or other tanks if desired) should both 
the bubbler and float sensors fail. 

(800) 537-1767 Oean fnllironment Equipment - rev. 3 7a-1 



.. TFSO (Cant'd) 

CONTROL PANEL 
The Control Panel consists of TFSO circuitry, a pump air valve, air filters, and a pressure 
regulator; all housed within a NEMA 12 wall-mountable, aluminum enclosure. 

The Tank-Full Shut-Off (TFSO) Circuitry: 

• Has an overriding safety circuit that stops air flow to downstream pumps (Product, 
Total Fluids, and/or Water Pumps, etc.) when activated by the TFSO Tank Units. 

• Includes a control panel-mounted Status Indicator and Reset Button that allows the 
operator to assess the condition and to re-start the system. 

The air filter/pressure regulator unit: 

• Is typically mounted on the Control Panel. 
• Consists of a two-stage, 5 micron (first stage) and 0.01 micron (second stage), 

particulate filter contained in a metal bowl. 

• Includes a float-operated condensate drain. 
• Includes a pressure regulator that is adjustable from 0-125 psi and is rated for 250 psi. 

• Allows for the adjustment of supply air pressure to the value necessary to operate the 
system. 

• Is typically provided with locking-sleeve, hydraulic grade brass quick-connect fittings. 

HOSE AND HARDWARE PACKAGE 

The hoses supplied with the system are of industrial grade. 

• The main air supply hoses equal or surpass Parker 801 specifications. 

• The TFSO Sensor Hose consists of a low pressure single-wall PVC tubing. 

• All hoses are color coded and equipped with non-interchangeable, brass quick-
connect fittings. • -

SYSTEM REQUIREMENTS/PARAMETERS 

The TFSO System: 
• Has varying air usage, however, less than 0.7 scfm @ 80 psi is considered 

appropriate for most applications. 

• Requires a 2-inch Female NPT fitting on tank for the TFSO Roat (2-inch Male NPl). 

SYSTEM OPTION 

• Single Sensor TFSO Tank Unit. 

MATERIALS OF CONSTRUCTION 

The TFSO Tank Unit: 

• Hydrocarbon resistant float material 
• Stainless Steel 

COMPONENT AND SHIPPING WEIGHTS 

• Brass 
• Aluminum 

. - "IC'OMP.ONENT (Ib.1kg) I . SHIPPING (lb.lk!f) ··1 . 
Control Panel 20 I 9.1 23 I lOA 
Tank Unit 2 I 0.9 4 I 1.B 
Hose Package Varies Varies 

(BOO) 537-1767 Clean Environment Equipment - rev _ 3 7a-2 



DUAL-SENSOR TANK-FULL SHUT-OFF (TFSO) SYSTEM 

THE CEE TFSO SYSTEM PROTECTION EXTENDS BEYOND THE CLASSIC PRODUCT TANK-FULL 
CONDITION. IT ALSO INCLUDES A UNIQUE DUAL SENSOR HOSE FOR ADDED SAFETY. IN 
ADDITION, ALL EQUIPMENT RECEIVING AIR THAT IS FED BY, AND DO'JNSTREAM OF, THE 
TFSO CONTROL PANEL, INCLUDING FLUID EXTRACTION PUMPS AND SKIMMERS, ARE TURNED 
OFF DURING 'SHUT-DO'JN' CYCLES. 

TFSO CONTROL PANEL 

AIR--~ 

~=~;;=~ FIL TERS/REGULATOR 

• 'JILL SHUT OFF PNEUMATIC 
PUMPS AND CONTROLS. 

DUAL TFSO SENSOR HOSE~ 

STAN~~~12 TFSO, ~ 
UNll \ 

IGIIl1JJI!I 

OPTIONAL TFSO 
UNIT LENGTHS ARE 
AVAILABLE FOR 
DIFFERENT TANK 
CONFIGURA TIONS. 

PRODUCT 

RECOVERY 
TANK 

--

elF ANY SENSOR HOSE IS 
DISCONNECTED, THE SYSTEM 
'JILL SHUT DO'JN. 

elF THE DUAL SENSOR HOSE 
IS PINCHED OR CUT, THE 
SYSTEM 'JILL SHUT DO'JN. 

elF ANY SINGLE TANK ARMED 
'JITH A TFSO UNIT SHOULD 
FILL. THE SYSTEM 'JILL 
SHUT DO'JN. 

'JALL MOUNTING 
CONTROL PANEL 
12' X 14' X 11' 

(20 Lbs.) 

AIR SUPPLY TO 
PUMPS AND lOR OTHER 

CONTROL PANELS 

ADDITIONAL SINGLE-SENSOR 
TSFO UNITS CAN BE ADDED 

.":='=='==='====='======-..- TO THE SYSTEM. -

OIL/'JATER 
SEPARATOR SURGE 

TANK 

~ ...... Clean Environment Equipment 
........--~ EQUIPMENT FOR GROUNDIJATER REMEDIATION 

AND lEACHATE EXTRACTION 

....... 5:~'" I;;;;:;M ___ ._ .... _+ .. _"--j DUAL-SENSOR TANK-fUll 
f1fIC : .XIX : .IDS ~~y RAHIRE: 1-94 SHUT -orF (TF"SQ) SYSTEM 
.IX:" ADX :..IIaS JICIDO lwei .... .. .-. 600197 



TFSO UNIT AND TANK ADAPTOR 

!TFSO UNIT! !TANK ADAPTORi 

(

SECONDARY 
PROTECTION VIA A 
TANK-FULL OVERFLO~ 

~ AND FUME RETURN HOSE 

/ "iiI€;;)'fI'fF.3Oi1m f@3IJ - ~~e~~CARBON 

PRIMARY TANK-FULL/'" ···r \ ~ 
CONTROL CONNECTIONS • 

( .. / 
OPTIONAL TFSO UNIT tu ~ 3/8-IN(;H -' ~ LENGTHS ARE AVAILABLE BARB FOR FUME 
FOR DIFFERENT TANK RETURN HOSE 
CONFIGURA nONS 

\ I 
\ / 
'\ / 

~ ~ 
2-INCH DRUM BUNG--'/ '-3/4-INCH DRUM BUNG 
OR 2-INCH FEMALE OR 3/4-INCH FEMALE 
PIPE THREAD PIPE THREAD ,... -) 

HYDROCARBON RECD~RY 

TANK 
NOTES· (__ -"""~ 

• OTHER SIZES AND r===::::::==========='j 
CONFIGURATIONS OF 
PRODUCT RECOVERY 
TANKS ARE APPLICABLE 

• ALL FITTINGS ARE ('-.. ~ 
BRASS QUICK -CONNEC TS -..;:::::::::=========:::-""";;:..-

A Clean Environment Equipment 
~~ EQUIPMENT FOR GROUND~ATER REMEDIATION 

AND LEACHATE EXTRACTION 
tt33 7th ST. 

___ OAALAND. CA 94607 
..... (510) 891-0880 (800) 537-1767 FAX <S10) 444--6789 

T1I.lRAIIX$ 
IKLSS D1l£RVISt: SP£QFlD) 

NGI..M !.30"' 
F'RAC • .xxx ! .D05 
.xx : .D1 JDCXX: AOO5 ... ..,..... 

DArt mu 

~~y RAMIREZB-I-94 

TFSO UNIT AND 
TANK ADAPTOR 

600198 \REV 
IF 

1 1 
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. LIQUID LEVEL SENSORS 
Modeis 404 and 408 

~ 

• Digital display of water depth 
• Intemal pressure-to-voltage transdu~ 
• 4 adjustable trip points on Model 404. 

5 adjustable trip points on Model 408 
• Plugg-oble terminals for easy tnstallatlon and 

service 

• Solld-atate outputs 
• 4-20 mA output 
• Moisture protected c1rcu1ts 

The Moclel 404 and 408 Llquld Level Sensors oper-
ate in conjunction with a ITfode1 403 or 407 Control-
ler for bubbler-type pumping systems_ The Sensor 
caotalns an air pressure-to-voltage transducer and 
requires only a small air compressor capable of 15 
psi (pounds per square lnch! to operate the system 
down to apfAaxlmatl:ly 35 fcet.1'.:or practical purposes. 
the Mocleis 404 and 408 are functionally identical. 
with the 408 llimply having another sensing level 

The Sensor's solid-state outputs ~ designed to re
place the float switch Inputs to the·applopIlate con
troller (Moclel 403 or 407). or to be used with a Model 
448 OUtput Relay Board. A 4-2Oma slgoal output pro-

'des for other control appUcatlons_ A ~t LED 
~y continuously shows the Uquld ~ to a tenth 
of a foot when the Display Control.switch Is In the 
Liquid Level posltlon_ Other switch positions are 
used durin$( ca1lI:7ratIon of the liQuId lc:w:l triP points. 
IndIcator LEOs illumInate as the levels are-rCacbed. 
A test control allows the trip aettIDgs to be checked 
. without actually raising or lowering the liquid level_ 

Spccfflcattona 

I MCKlel NO. or 0LapUlS 
Input vottage . 
!~j.lt ~vqU6t-.c.; .. '7 c:c ,.,_112 
Power consumption 2WSItS 
Transfent protectlon 2SOO VRMS for 10 ms 
AIr Input Oto 15 psi max. 
Input air supply filling Requires ~16" LO. tubing 
Maximum liquIa IIMII 34.6f~ 
Callbrallon 102"-
Repeat BC:aJraCy 
(fixed condiUonS) 101% 

Repeat aa::uracy (~ 102"-
ueadtlano 0.1 foot 

upen-coUector transistors rated 
for regula!ed 12VDC. 10 rnA, maxi-

SWitching outputs mum.Oesigned lIS Inputs for 8 403 
or 407 Controller, or the Model 448 

Output Relay Board 

Signal outputs 4-aI rna output proportJonaJ 
to 0-"10 feet of water 

Operating temperature --«l" to 5O'C 
blOrege temperature "!O' to 711V 
~ollY tOlerance IHI(" W/O concensation 

e mater1al 20gasteel 
Termination Removable terminal strip 
Weight 3.SIbs. 

I FigUt1l 8. Model <104 Dlmenslons 

I i 12 (3Ol8I ,iI I-~-l liAS (l!IIUI8) 

0 

°t lOt 0> . . •• 
0 ela ea 5 4.62 

B 0 i~r ~rq aa ea 
0 

.187 cia j4.76) 

i , 
Figure 9. Model 40B CimensIons 

I i 12 (3M.8l ;::::::rl 
11.46 (291..08) , I I-~-l 

0 

0) ..• ~.o~ p f o 4.62 
B 0 

a e a a a t27) 55 (t17.lK) 
ee e ae t ~39.7) t 

0 Q t _ 
'-.187 cia j4.76) 
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INSTALLATION 

General Safety 
'laming: disconnect power when instaJJing or servic

ing this device. 
• 'Ibis product should be wired by qualified per

sonnel according to the Natlonal Electrical Code 
and all local codes. 

• Do not '2' >"Cd the output or input ratings as 
stated in the SpecHlcatlons. 

• Protect the device with properly rated fuses. 
• Do not Install in damp or moist areas. 
• ThIs device should be installed In such a way as 

to prevent bodily Injury or property damage In 
the event of product failure. 

Panel Layout 
A Pump running time meter to 99,999.9 hours, nOlHllSettabie. 

B Indicator LEO's illuminate when pumps are running. 

C Indicator LEO's illuminate when pump Is stopped because the 
19f11ote alarm clrcutt Is open. 

o Hand-Off-Auto switch to manually or automatically controIlhe 
pumps. 

E Lead pump selector swttch provides en alternating lead pump 
selecllon or a fixed lead pump operation of Pump 1 or Pump 
2 (or Pump 3 on Model 407). 

~ indicmot LED's show which pump is the iead pump fot the 
naxt pumping cycle. 

G Momentary switch tests remote aJarm bell. light, end IDuminetes 
aIann light J. 

H Momentary switch silences alarm bell until problem Is cor
AlCted. 

I Momentary switch resets all alarm indiCatOrs to return to nor· 
ma! operation. 

J AIenn Ogh! stays iii until aIaIm reset switch Is presssd. 

K Indicator LED's show which lewl SWItches are closed. 

L llIdlcetor LED Rlll!"lnetes when ptlmaty power Is applied. 

MountIDg 
1. Mount the Controller In a suitable enclosure. 

2. Unplug the termtnaI connectors f.rom the control
ler. 

3. RcfeniDg to the termtnaI block decal on the con
troller and the illustration on the next page, make 
the followmg connedions' 

A. Connect a d13ssts ground to the temlnals marla:d 
CHSONO. 

B. Cc»"!tCt l20 vac opernting power to the t.e:rm1nals 
marked for Input voltage. 

C. Connect the LOW float sw1fl:b. 10 tbe LOW tcnnlnals 
Polarity fa not critical. 

D. Repeat step C for the LEAD, LAO, (LACl-LAO) and 
mOB terminals 

o 
® 

~(C) E1 ® ® @(jJ' 
• • 00 0000 00 

mmn 9 a a a Ir 
® @tHl(l) 

0/ 
I Rgure 4. Madellgf Panel 

0 0 
o 0 

13 II~II ® 
00 0 o© 

o 0 

@13 ® © 0 

IIIlIIIl 00 0 
·0 

a@ 00 0 

o 0 

EI ®(Q §qjl mnm 

0 ~ 'U' J, 
0 

E. The SIQNAL OROUND connectlon Is a common be
tween the Controller and a Uquid LeYel Sensor. 
No connection fa n=ssary If the Sensor Is not 
used. 

F. TIle PUMP 142 REMOTEALARM (and PUMPS on 
Model 407) temltnals should be connected 10 nor
many dosed (Ne) alarm cont:ads in the molms. If 
none eEIst (or arc not needed) install a Jumper 
CODIlectlon between the Pump 1 terminals and a 
jumper between the Pump 2 terminals (also Pump 
3, If Model 407). 

G. The POWER FAIL.ALARM BELL. 4.ALARM LIGHT am
tacts arc not required for proper operation. but 
arc provided for JCUl" conVCI dcnce Ifused, am
ncct an audiavfsual alarm. across the POWERFAIL 
tcnntna1s 'Ibe amtact fa open wb1le power fa lip
pl1ed and closes on a loss arpaWet. Connect 
audlble and vfsual alarms across the AURM BEI.:L 
and.ALARM LIGHT terminals 'lb.ese amtaets arc 
DDI1D3l1y open and wm close on a fanlt Chfgb or 
remote alarm) CODdlUon. 

H. Connect the PUMP 1 and the PUMP 2 amtacts to 
the appropriate motor amtrol CIrcuits. These 
contacts &tart and atop the pump motam during 
operation. 

4. Set the HOA (haDd.atr-auto) switches and the LEAD 
PUMP SELECrOR BWtlx:h as required.. 

5. Apply operat1ng power. 

PageS 



FigUre 12. Modei 400408 Typical Appiication 

WET 
ww. 

Agur. 13. Model 404 Terminal 
ConneCtions 

=-----o CHS GND 

g 115 VAC 

o SIG GNO 

0-
0+ LOW 
0-
O+LEAO 
,.... 
V-LAG 
0 .. 

g:HIGH 

O-UQUIO 
O+LEVB. 

Agure 14. Model 408 Terminal 
ConneCtions 

-;=O'---:CH~S--:GN=D 

g 115 VAC 

o SIG GNO 
0-
O+LOW 
0-
O+lEAO 
r"L 0: LAG 

O-lACHAG 
0+ 
O-HIGH 
0+ 
O-UQUID 
O+LEVB. 

r.=====! PlJI,P, RB..a1E AL.ANl 

L-+l-H------lsow. GND 

!'OWER .... IUl. 

... \Me 

Troubleshooting 

Problem: Erratic and/or unstable operation when 
used. with .ro3I407. 
cause: Signal ground wire between the two units Is 
Dot connected. 
Solrrtfon. Connect stgna1 ground. 

Problem: In test position. display reads other than 
zero with adjustment fully counterclockwise. 
Omse: 'lb1s Is a normal condition; fully oountcr
clockwise on the adjustment may be below zero. 
Solrrtfon- Turn the adjustment sUghtly clockwise; 
the display should read zero (or blgher). 

These devices are Dot field repairable units. Should 
one not opetate pxoperly during the adjustment or 
testing plCx:edmcs. Insure that an oonncct:loDa. elec 
trica! and air pressure. are conect. Verify that the 
ptopervoitage Is applied and check. all fuses. Con
tact the factory If evcryt:blDg Is coned. and the device 
still falls to operate. Should the aeosor fall during 
use. oontact the factoIy for Instructfoos an return
.lng the device for repair. 

Page 7 
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PACKAGED COMPRESSOR SYSTEMS 

Complete Compressed Air Systems 
Packaged Systems are Perfect for Many 
Applications 

Kaeser packaged compressor systems are the answer to 
many challenges The compact design puts a complete sys
tem In a very small space. Factory assembled and tested. 
they are great for a small shop or manufactUring plant. 
These packaged systems are also excellent as a back-up 
system to keep critical equipment operating. 

Simplex Packaged Compressor System 

Designed for Dependability 

Pad<.aged compressor Systems match Kaese(s Sigma profile 
rotary screw compressors with a high efficiency refrigerated 
dryer. an appropriately sized receiver, and the necessary 
hlters to provide the level of air quality you require 

Rotary Screw Air Compressors 

The rotary screw compressor is designed without compres
sion valves or piston rings. Therefore, maintenance is easy. 
Kaeser's effiCIent Sigma profile design also produces up to 
20·'0 more air per horsepower. 

Each compressor is contained in a sound absorbing enelo
Ire. This filtered enclosure keeps the components clean 
Id reduces noise levels to 8S low as 66 dB(A). 

Refrigerated Air Dryers 

Kaeser refrigerated dryers cool the compressed air to con· 
dense and remove mOisture. They proouce pressure dew 
pOints as low as 35°F. The tube-In-tube smooth surface heal 
exchanger prevents fouling. and a hot gas by-pass valVe 
eliminates freeze up. 

Filtration for Reliable Quality 

Compressed air quality IS cnucal for many appllcallons 
Kaeser provides customiZed fi"ration to ensure your pack· 
aged compressor system delivers a dependable supply 01 
high quality air. Filters are available to eliminate particles as 
small as .01 micron. 

A Complete System 

Kaeser Sigma profile rotary screw comp~essors, refrigerateG 
dryers and filters are matched with an apdropnately sized tank 
to make a reliable. compact system. ;AII inter-connecting 
piping and wiring is completed at the factory. 

Multiple compressor systems Include a sequencer. The 
sequencer saves energy by running only the compressor(s) 
needed to meet the current demand. Dryers and optional fil· 
tration package Inctude by-pass piping to allow serVICing 
without sySiem shutdown. 

Kaeser packaged compressor systems 8re factory engi
neered to ensure aU components are properly SIzed. 

! nstaUaticn is easy. Simply connect to the electrical s'y-stem 
and pipe the package in to your compressed air piping sys
tem and you are ready to go. 

Duplex PaCkaged Compressor System 
, 
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ENGINEERING DATA 

..... /Ogle Compressor Packaged 
Systems (Simplex) 

Dual Compressor Packaged 
Systems (Duplex) 

~·~·';':~:~~;t;·;l~·~{~~}~~~:·~I·:}~i·~;::-~~i~; iif~~~Dli~f~~:~;i~{l!~I:!I 
100 13 

SX-3 3 110 11.5 
145 
190 

(" 0 t; 1/ L. -rA"; t::. 100 
110 SX-6 5 
14-5 

I2S'PSt/20CF'm 4t<W 190 
100 

SM-6 7.5 
110 
'45 
190 
100 

SM-'1 10 
110 
145 
190 
100 

SK-19 15 
110 
145 
190 
100 

SK-26 20 110 
145 
190 

Standard Features: 

• SX. SM or SK Sigma screw compressors 
• 230i460V TEFe Motor 
• Refrigerated air dryer with by-pass piping 
• ASME coded receiver tank Including: 

Air pressure safety relief valve 
Uquid HUed pressure gauge 
Manual drain valve 

• Heavy duty steel frame 

6.5 
5.5 
23 
21 
17 
13 
32 
30 
25 
20 
44 
42 
36 
29 
71 
68 
58 
45 
96 
92 
80 
65 

• Compressors In sound absorbing enclosures 
• Sequencer for dual compressor packages 

SpecifICations are subject to change without notice. 

P.O.Bax94S 
Ff'ederieksburg, VA 22404 
Tel: . (&40) 898-6500 • FAX: (540) 898-5520 

100 26 

sx~ 2)(3 
1·10 23 
145 17 
190 I' 
100 46 

SX-6 2xS 110 42 
l~S 34 
190 26 
100 64 

SM-6 2 x 7.5 1~0 60 
1\15 50 
lf30 40 
llJo 68 

SM-ll 2 x 10 lno 84 
1145 72 
1\30 58 

. llJo 142 

SK-19 2 x 15 "10 13$ 
145 116 
190 90 
100 192 

SK-26 2)( 20 110 184 
li\S 160 
190 130 

Optional Features: 

• KPF and KOR filter package _ _ .. _. . ...1 
• AUtomatiC tanK conaensate aratn 
• Non-standard operating pressurks 

from 80 pslg to 205 pslg I 
(0 ~~~g-,e ph~e electrics on SX-3 lffid ") 
...... SA -0 modelS ' ____ 

·208l230V 

Authorized Distributor: 
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It':.' =I;i 4 ;1 
COMPRESSORS 

REFRIGERATED AIR DRYERS 
High Perlormance Refrigerated Compressed Air Dryers 
With Capacities From 5 to 2300 SCFM 

Water Seriously dilutes the 
performance of your com
pressed air system 

Atmospheric au entenng a compressor 
contains water vapor (humidity) In fact, 
at 75U F and 75% rela.-flve humidity, 6 
gallons of water enter a typical 25 hp 
compressor every 8 hours 

The process oi compression concen
trates thiS waler and as the air heats up 
dUring compression the water remains 
vaporized But Once the compressed air 
travels downstream, It cools and the 
vapor condenses into liQuid droplets 

If not removed, thIS water contafntnates 
lh~ entire compressed air system. 

Gradually, corrOSion leads to al( leaks, 

pressure drops and scale formation. 
Maintenance and repair costs on pneu
matic equipment Increase. products and 
processes can be rUIned, and lost pro
duction tulle is often the result. 

ThB cost of failmg to remove water from 
your compressed aIr system is high. 

KAESER dryers increase 
productivity and reduce costly 
maintenance 

The proper KAESER air dryer installed 
in your system provides an economical 
sotution. KRD refrigerated air dryers 
remove the water from your compressed 
air system to protect your product. 
eqUipment end plant elflciency. 

KRO-35. KRD-200 and KRO-500 

Designed to be durable, 
efficient and 
environmentally friendly 

With KRD dryers, ccfnpressed air er-
ters a precooler reheaJer where Incom
In9 air is cooled by refqgeraled outgoing 
air. This precooled air requires less ener
gy to dry and the rehelated outgoing alf 
eliminates pipe sweatlig. 

The air is refngerate<t In a smooth sur
face. non-fouling tube-in-tube heat 
exchanger charged Wlt~ envIronmentally 
safe retflgerant. ThiS KAESER deSign 
ensures a consistent supply of dry alf 

throughout the lile of the dryer. It main· 
tains efficiency without excessive pres
sure drop Of the added cost of a p(efilter 

Condensed liquid is removed by a 
high performance sepC}rator and IS diS· 

charged by an eutomar drain trap. 

The outgoing air no has a reduced 
pressure dew point; th temperature at 
which water vapor coidenses 10 liqUid 
(under pressure). 

I , 
The enttre KAESER system is de· 

signed to operate efficiently and reliably 
over a wide range of flows. Temperature 
In the refrigeration evaporator IS precIse
ly controlled by e hot gas by·pass valve 
for Qutck response to flow changes KRD 
dryers supply compressed .air with Q 

consistent pressure dew point and no 
danger of evaporator freeze-up. 

~~~~~ ~':~~~:nr::n:~SY 
Models KRO 25 and u~ feature gauge(s) 

wtlich conveniently display operational 
statuS and provide h~IPfUI Information 
during routine mainten,nce_ 

j 
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ADVANTAGES 
OF THE KAESER DESIGN 

Re-designed Heat 
Exchangers Provide 
Maximum Cooling Efficiency 

K,.4,ESER heat exchangers are a!l 
copper tube-1n-tube desIgns The 
smooth sufiaces are non-fouling and 
self-cleaning to ensure maX.lmum 
heat transfer. Tube sizes are carefully 
selected to control fluId velocities and 
promote turbulence. This m3xtml.tes 
heat trans1er and along with the 
smooth surtace design minimizes the 
pressure drop tnroughou( the Jile of 
the dryer Typical Flow Diagram 

The entire heat exchanger pack
age IS encapsulated In a water based 
urethane foam. In addition to protect
Ing the heat exchanger, this highly 
effective Insulation ensures maximum 
COOling effiCIency 

The PrecoolerlReheater (1) IS a 
.aige aii iO air heat exchanger 
deSigned to produce the greatest 
POSSible dryer efficiency. By precool. 
iog the incoming air. Ihe heat load on 
the refrigeration system IS reduced. 
Reheating the discharge aM elimi
nates any pipe sweating 

ensures the dryer will not clog up 
with oil or debris. so you get consis
tently dry air throughout the hfe of 
your system 

Efficient Liquid Separation 
Over A Wide Range of 
Flows 

Off the shelf separators are not 
designed to effiCiently handle the wide 
range of lIows that are encountered by 
a typical dryer. The separator (3) in a 
KRD dryer is specn,,;ally designed to 
maintain a 99+% separation efficiency 
from low flows to well aboVe the rated 
capacity of the dryer, This ensures 
that liquid condensed by the heat 
eXChanger does not re-enter your 

The smooth surtaces of the air to 
retrigerant heat exchanger (2) are 
constantly washed by the condensing 
mOIsture ThiS unique feature compressed air stream. The fully 

""E;'::%:.w'~cilns~ Ulated separator prevents reheating 
i<" of the air before moisture separa

tion. 

A demand IYpe drain (4) reli· 
ably discharges liquid condensate 
withoUt waGtlng your valuable 
compressed air. The condensate 
can then be routed to an oil-water 

.- :.:;-:-.;:.~ -_. 
~ " 

Heat exchanger with tube-in-tube design 

separator for GCO· 
logically responsi. 
ble disposal. 

Refrigeration jSystem 
Provides Consistent Dew 
Point I 

i 
The non.CYCh

f 
deSign of 

KAESER dryers eeps refngeranl 
continuously elf latlng through the 
system 

T 
. I 

his results In ,aptd response to 
changes in air flow for consistent 
cooling anc! the ~ost reliably dry aIr 

The temperatu~e of the hea1 ex
changer must be !COntrolled to prOVide 
dew point conSistency and prevent 
freeze ups. To doithls. KAESER uses 
a specially desig,ed hor gas Oy·pass 
... Ive (5). Off the ~he" varves dO not 
meet our high standards. 

I 

The hot gas ~-pass valve contrOI& 
the cooling temp~raturG by atlowlng 
some of the refriwrant (In a hot gas 
state) to bypass he heat exchange I. 
Injecllng the gas fter the heat 
exchanger prevels non·compresslble 
liquid refrigerant rom entering the 
ccmpressor (6) d so increase the 
tije splln and rel~lIity of the SYSlem 
This deSign also reven.ts .he therm81 
expansion valve 7) from over com· 
pensating for changes in load (com· 
pressed air fiowjj 

With specially besigned compo· 
nents and more tomptehensive con

trols. KAESER 1'rigerated dryers 
and compresse air systems prOVide 
the reliable perf nmance you need 
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CHOOSING 
A REFRIGERATED AIR DRYER 

Pressure dew point 

The pressure dew pOint of com· 
pressed air IS the temperature at 
which water vapor condenses to liquId 
(under pressure) To ensure no liquid 
waler IS presEnt In your system. the 
press lIre dew pOint of your air must be 
I(lSS man the lowest temperature your 
compresSed air will be exposed to 
KAESER refrigerated dryers produce 
pressure dew pOints as low as 35°F 

To select the dryer that best fits 
your needs. there lire several 
factors to consider. 

Actual conditions 

System pressure: Dryers remove 
moisture most efficiently at higher 
system pressure However, the maxi· 
mum working pressure of the dryer 
musl not be exceeded. 

1pressed air temperature: Air 
t loats up during the compression 
process and cools as It moves down
stream. The cooler the air before 
en,enng the dryer, the more efficient
ly the dryer operates. The inlet air 
temperature should be less than 
120"F. 11 your compressor does not 
have an aftarcooler you may want to 
conSider adding one to your system. 

Ambient temperature: High ambient 
temperatures reduce the efficiency 
of an air cooled dryer. The ambient 
temperature SMuid be less than 
IIO"F. 11 you can not locate the dryer 
In a cool enough environment, you 
may want to consider a water cooled 
model Instead 

,ical Compressed Air System 

ComprnaOf AftereOOfer 

ON/OFF 
SWITCH 

I 

_i-_REFRIGERANT 
r PRESSURE 

CUTOUT 
LIGHT 

HIGH 
TEMPERATUR.E 

WARNING LIGHT 

Standard Control Panel 

Dryer location in the Air 
System 

The location of the dryer in your 
compressed air system Is important, 
because H affects proper sizing of the 
unit. 

Ideally, the dryer is placed after 
the receiver tank because the air 
begins to cool in the r~lVer and liq· 
uids condense. Reducing liquids In 
the compressed air improves the per
formance of your dryer. The receiver 
also dampens pressure and flow flue· 
tuatlons to the dryer to help ensure a 
consistent pressure dew point. When 
the dryer Is located after the receiver it 

must be sized for your system's maXI' 
mum compressed air ~emand. 

I 
If you must locate ybur dryer 

before the rece;V8f ta~k, you Should 
install 8 separator of 11 to 
remove liquids bello", !tt •• 
the dryer. You should . 
the air temperature 
sible. When located 
receiver, your dryer 
the maximum flow CQp,aloity 
compressor(s). 

Onoe you have de:l~rrnin,"c the 
location of your dryer, 
selection sleps on thl,lback 
find the dryer size 

D<yw 
Normoll.ocotlon 

After R9cetYec'Tank 

Oil Fillet 
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Sizing your dryer 

KA lOSER refrigerated dryers aTe rated for 100·F inlet air at 100 
and 100"F ambient temperature. To select a dryer for your 

, .. "iestion, you must first correct your actual system conditions 
for these "rated" conditions. To do this, simply write your condi
tIOns lor the proposed dryer inlet in the yellOw areas below. Next, 
find the correction factors in the table to the right and write them 
on the bottom line. ~,/1u!tip!y your inlet air flov-'! by each factor to get 
the Minimum Requirement Rated Capacity for your dryer. 

Inlet Air Flow 
(£dm) 

x 

Ir"Ilet Au 
ProsGU(EI 

(pslg) 

C-orrection 
factor 

x 

Inlet AIr 
Temperature 

OF 

FactOf 

x 

Ma,)dmum 
Ambtont 

Temperature 
OF 

AmbIent 
Temperatuf'Q' 
Corroct1On 

Factor 

= 

Minimum 
AeqVtR:d ~ted 

capacity 
scfm 

KAESER Refrigerated Compressed Air Dryers 

116-1-60 
2!lO-,-60 

115-1-60 
2301206-1-60 

23OI206-:H;O 

,,*~~HK~+¥,1H-~~--j 200 PSIG 460-3-60 I~ Standen! 

,ncludaa refrigerant pump down system 

300 PSIG 
A'IIIlIabie 

'At noted capacity and 3sof nomtnal dew point 
'OIhor voltag9s avalIabIe - oontact KagCQ' 
Sped!ications 8(e subject W cnange wtttlOUI no1ic:e. 

TO 19013722454 

Correction Factors 

p.e9 

.J 

u • 
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Installation and Maintenance -continued 

Thread Treatment 
Sealing 
When threading metal threads mto a metal couplmg, pipe sealant or Teflon" tape is 
re"...ommended. Due to potentia! compatibility prob!erns. when sealing p!astic threaded 
units, a compatible pipe sealant such as No More lealcs-trom PennateX'" is 
recommended . 

Tightening 
When threading a plastiC level sWitch mto a metal coupling, the Installer should use a 
surtable wrench and tighlen the threads 1 to 1-1/2 addrtional turns past hand tight. Over 
torquing of the threads will result In damage to the plastic mountmg plug. 

Engagement 
The length of mounllng threads engaged at installatIOn is important in calculallng 
switch actuation points and \he actual length of stem extending into the tank. Use \he 
chart at right to find the thread engagement length (T) for a given NPT size. Factor \he T 
dimension into any calculation of switch actuation levels (L) and overall length (L,,). 

Definition of Variables Used In Examples 
A = Mounting length. 
T = Thread engagement. 
P = Distance from coupling (bung) top 10 inside sulface of tank or bracket. 
L = Swrtch actuation level as measured from inside sulface of tank or bracket to fluid 

sulface. 
L,= Swrtch actuation level, nominal, as measured lrom bottom 01 mounting (based on a 

liquid specific gravrty of 1.0). 

Examples 

Siandard Singie levei 
Switches 

Internally Mounted 
lS-1900 Series internally 
mourned through a li4 ~ HPi 
hole. To calculate l dimension: 
L-l,.(A·Tj 
L-l,. (21/32".391 
lo 1, • .27' 
l.1.~· 

To _ for kIuaI Tn 
Instrusioo, sutJs1ibIfo ... l" val .. III 
place of Lll11"'_1IRcIIy 
alHNt. 
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Custom Length Level Switches 

Internally Mounted 
lS-8OO Series <Type 1) internally mounted 
through a li2'"NFi hoie. io caicuiate L, 
dimension: 
L,-L·(A'Tj 
L, -6'· (","'·.531 
L,. 6'·.12 
L,.5.28' 

"" 11'1 

:iiJls : 
1 ~,~ 
" 

To calcuCite l duneftSion, use: 
L.L,.(A·Tj 

T" ca!a,yte lor A!:!u!I T !1'J: !m:!"'.:s.-'on. subrti!!.t!:e ~ ~ 
value WI ptlce of L t In the lom1Ul1 dlrectty abOve. 

NPT T 

1/8' .2r 
1/4' .39' 

112' .53' 

3/4' .55' 

l' .68' 

1-1/4' .71' 

2' .76' 

3' 1.20' 

Externally Mounted 

Note. TIllS chan &trves 
as a guide onty. for 
cntalactuabon 
accul1.cy. measurements 
ShOUtd be mzde at ttmt 
of II\SUllibon 

LS-700 Series (Type 3) externally mounted througlu 
i "NI'l hoie. To caicuiate L, dimension: 
L,.L.(p.Tj 
L,.6'.(I'·.661 
l, .6-• .34-
L,.6.3(' 

FWD 
1M!. 

lo 

TO_Ldimenslon. ... : 
l.L,.(p.Tj 

ro _ tOf AdlaI Tn IntnlSion, -. ... L, ViII .. 
III place Of L, III'" _<to_. 

• 
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Installation and Maintenance 
Orientation 
A Slandard NPT female boss in tank top, bottom or side is all that is required for rapid 
installation. Units operate normally in any aMude -Irom the vertIcal to a 30" Inclinatoon 
- with lead wires up or down. Standard IPS pipe extends units to any intermediafe level 
in the tank. Figure 1. 

Accuracy and Repeatability 
The accuracy of GEMS level swijches is ±1/8·(3.2 mm) of true hQuid level. In order to 
aSSure the proper accuracy for your liquid, please specify the Spe~IC gravily of the 
media. GEMS wi!! 3utorr.atica!!y calibrate tor the submergence of the float, based on 
this spec~ic gravily informatIon. Furthermore, accuracy may be enhanced by specifying 
whether the circu~ cond~lon should be measured on decreasing or increasing liquid 
level. The repeatabil~ of the actuation point is approximately 1132 inch (.79 mm). 

Moisture Protection 
When moisture exists in condu~ and extension pipes, the potential for this moisture to 
wiCk down the wire leads and into the switch assembly exists. Should this happen, the 
swifclt will appear to be Closed due to a high resiSlanoe path through the moisture. 
There are several means that can be used to prevent this from happening. 
I.Pitch condu~ away from the level swifclt when possible so that condensation will drip 

away from the level switch assembly. Rgure 2 . 
t When a vertical run of extension pipe or rigid condutt is used to extend a level switch 

down irom the top oi the tank. a non-COfiductive siiieout oii shoiJid be used to fiii the 
vertical run. Alternatively, an appropriate potting may be used to fill the vertical run to 
occupy the spaoe in which condensation will normally form. Rgure 3. 

By wor1cing closely with your GEMS representative, there are many design 
considerations that can help lessen the effects of moisture. 
I.Consider a product such as the GEMS LS-270 Single Level Switch which has a water

tioht molded cable. 
2.Consider USing a un~ with a connector and gasket seal. 
3.Conslder using moisture resistant heat shrink tubing on the swifclt capsule assemble. 

A WORD OF CAUTION: Most of GEMS level products incorporate a potting cap or are 
fully potted. Due to the bonding characteristics of the potting to the wire leads, there is 
no way of assuring a water tioht seal at the potting joint. Our potting cap will resist 
moisture to some degree, but the precautions mentioned above Should be used to 
assure moisture doesn1 enter the swifclt and cause a short. 

Ptease refer to the GEMS Instruction Bulletins supplied with products for detailed 
Installation and maintenance procedures. 

liquid Level Switches 

~~ 
-'.\~ -~I 

--- ---.,. 
MAX-

* " t. ----

flg ... 3 
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rovide Operational Versati!lty with GEMS Fl!P-PAK® 
dnd LOAD-PAK® 
=-. Rapid, arc-free response. Positive, non-mechanical operation. 
;::; long, trouble-free service life. Over millions of cycles of operation. 
~ low-level switching. A few rnA of current controls high-power loads. 

Completely encapsulated construction. Impervious to dust, moisture 
or foreign material. Tamper-proof, shock and vibration resistant. 

GEMS FlIP-PAK" Solid-Slate Holding Relays. 
FLIP-PAl< solld'state relays provide low current. 'start-stop" or "on-otr swrtchtng 
When used wrth muHi·station level swrtches. FLlP-PAK SOlid-state holding relays will 
start and stop industrial motor.;. pumps and solenoid valves to control the proper liqUId 
level in your tank or vessel. To avoid nuisance shutdowns. FLlP-PAK relays hold their 
operational state lor 112 second during momentary power losses. 5 amp unrts are avail· 
able lor both 120 VAG and 240 VAG applicabons. Low voltage protection is inherent. 

GEMS lOAD-PAK'" Solid-Stale Switching Units. 
LOAD-PAl< SOlid-state swrtches amplify the current tlaodling capabilities 01 your mutti
station level swrtch. They operate as a 5 amp AG SPST, N.O. swrtch. LOAD-PAKS are 
ideal lor activating high-powered alarms and pumps. 

Typical Applications 

• !Z~~~ 

Other GEMS Solid-State Relays and Barriers 

~ 
·CItaIo!km ...... -

With no moving parts. GEMS relays and 
baniers are lnherenUy more reliable than 
their mecIIanicaI counterparts. 
Encapslfated designs are ~rWlUS III 
dust, oil and moistufe. 

Intrlnslcally-Sale Types 
SAFE-PAK relays render the entire sensor 
ciraillnIrinsicaJIy safe with no explosion
proof enctosures. PrOQrammabIe versions 
offer various ~ operations, induding 
N.o.. N.C. or latchino with ootional time 
delay. _. 

• 'er Barriers are energy initing devices that provide iltrinsicalty-safe electrical output to 
'ISO< in a hazardous area. Can protect against llUtts up III 250 VOlts RMS. Single and 

.1WIel versions available. 

Nan-Intrinsically-Sale Types 
Solid-state switcI1ing units that control me voltage loads with onfy a lew milliamps of sensor 
q,ut current fnctudes oenerat purpose LDAD-PAK and 'latching' fUP-PAK 

Wiring Diagrams for Applications Shown at Left. 

I'IfI1!
Down 

ii~~ ~ ~ V~ 
12 

~~ ~~YN; 

I 
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GEMS' 

:ive-Slalion Annunciators 
; Bright LED Indicators 

· . Audible Alarm 
Relay Actuation 

GEMS TAP-5 Annuncoators are used to indicate up to five switch closures. LED's illumi
nate when a respective switch closes. 
• LED indicators light up when switches close; stay 'on' until switches open. 
• LED's go off wnen sWltChes are opened; aiarm siience push button shuts off hom and 

relay. 
• Ideal for level SWitches in thiS catalog but equally surted for any dry switch closure 
• Relay operates remote pumps or other equipment. 
• Supplied with blank panel for marking by user. 
• Operates with 7 to 14 VDe power; optional converter kit for 9 VDe power available. 

Contact GEMS for Ordering Information. 

Slosh Shields for Turbulent Liquid 
-. Reduces nuisance switch actuation caused by liquid motion. 

GEMS Slosh Shields protect floats from turbulent or highly contaminated ~quids. Slosh 
shields are available for many standard single level and most custom lenglh switches. 
Look for unns in this catalog with the turbulent liquid icon: [) 

Specifications 
Material: 

Shield: texan-, Polypropylene, PVC, 304 Stainless Steel, Brass 
End Caps: Polypropylene, PVC, 304 Stainless Steel, Brass 

Operating Temperature: 140"F (6O"C), Max 
Pressure, PSI, Max.: 150 

CGntact GEMS lor Onlering Inlormallon. 

Electrical Cable and Connectors 
This multi-conductor cable Is available lor most GEMS level switches. It provides extra 
protection lor applications not using conduii ior electricai wiling. Typicai generai 
purpose cable Is Shown here. Other special purpose cable Is available; consult factory. 

Specifications 
1_laUon Ja~t PVC 
Lead Wires: I'l2 AWG, PVC 
Operallng Temperature: 176"1' (8O"C), Max. 
lengtb: Droered by the foot 

Number of Conduct ... Wire Colo .. 

2 Red,8Iad< 

3 Red. BIacI<, Whtte 
4 Red, BIacI<, White, Green 

5 Red, BIacI<, WhIle, Green. OI1noe 
6 Red.8Iad<, WhIle, Green, Oranqe, Biue 
7 Red, 8Iad<, WhIte. Green, Orange,BIown. Biue 
8 Red, 8Iad<, White, Green, Orange. Brown, Blue, Yellow 

Smo~ L ..... , Sh~k1s 

T ",p.!) AnnUflCQtor 
WIth LED II"I(ilcators 

O<l~ 

Optional Connectors 
GEMS offers many types 01 optional electrical connec' 
tors lor use on our liquid level switches. Typical optiOns 
include: 
• AMP Mate-N-lockNSeries 
• Packaro Weatherpack'" Series 
• Spade Terminals 
• Ring Terminals 
Contact the factory for the availability of these connec
tors, or others of your choice. 

, 
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-'ectrical Junction Boxes 
~ Explosion-Proof 
: j Watertight 
~-' FM Approved or CSA Listed Types 
GEMS Fernloy J-boxes simplify wiring or load-handling capabilities for 
many of the level switches shown in this catalog. They mount directly 
onto any level switch with a 112 "NPT conduit connector. Junction box 
and level switch must be assembled at the factory to maintain explosion
proof approvals. Look for units in this catalog with the J-box icon: ~ 

FM Approved lor Class I, Division 1, Group 0; 
CSA Listed. 

Junction Boxes with DPDT Relays 
Used for controlling high current loads andior 
multiple loads. 

Relay Specifications 
Configuralion: DPOT. 
Input Vollage: 120 VAC, 50160 Hz. 
Conlact Ratings: 10 amp, 227 VAC, 112 HP, 250 VAC, 

1/3 HP, 120 VAC, 10 amp, 30 VDC, 
resistive 

oIunction Boxes with Terminal Blocks 
• Terminals are screw-type with terminal lugs supplied for wire connections. 

3-1'in Terminal Win Terminal 8-1'In Terminal 

• Gn>uncIino lug SlIpploed on CSA Usted ........ only. 

How To Order 
Select the suitable type J-box in the table below. Order by Part Number. 

Type Plrt Hamber 

FMApp ..... d·· CSAUsled H.n-App ..... d 

OPOT 76270 130550 -
3-Pin Terminal BlocI< 55633 130549 -
6-Pin Terminal BlocI< - 130548 -
l-Pin Terminal BlocI< 75975 - -· Wire Output - 145722 -

1astic - - 75970 

• -aass t. DMsion " Group 0 

Liquid Level Switches 

JuncIKIn 
box IS--on GEMS 
.... 1 
switch -
typteal 

OPOT Relay Wiring Diagram 

REDo----f 
120VM:, 

lead Win! Output ASS Ptutlc 
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Electrical Specifications 
Switch (N.O. or N.C.): 

SPST: 20 VA or 100 VA 
SPOT: 20 VA 

lead Wires: 118 AWG. 24 'l.. Polymeric (except as 
noted 10 Wiring Color Code Chart at nght.) 

Approvals: LS·800 Series switches are U.l. Recog· 
nlzed - File No. E45168; CSA Llsted-
File No. 30200 

Typica; Wiring Diagrams 
for clarity. only !WO actuallon levels are shown in each 
group diagram 

GROUP I GROUP II 
SPST SPST 

GROUP III 
SPOT 

Actuation Level Dimensions 

1.L~-+--+ 
'-' 

I 

GROUP IV 
SPOT 

• Act .. tKNI .... , dlSlanCeS.nd L, ( ...... , unit 1engtI1).re ....... red 
!rom Inner "'_ 01 mounllng plug or a.noe . 

•• length Overan I.e .l," Oimension S. Set Mounting Types tor 
Mu:lmum lenqili values 

Liquid Level Switches 

Wiring Color Code 
Tinted area designates U.L Recognized wmng configurations. 

EPST Swltcbes SPOT SwHches 20 VA 

Wiring GraUfl t Graup II GIGuplll Group tv 

Com. Black 
Wire 

None Black None 

NOINC SW. NOINC NO NC SW NO 
Com. Com 

l1 Red Red Red Poed ~-'Red Red WfllRed 

L2 Vellow venow venow venow WWV., venow WWVel 

L3 Blue Blue Blue Blue WhlBlue Blue WhlBlu 

l4 Brown Brown Brown Brown WhlBrn Brown WhlBrn 

Ui Orange Orange ul2nge urange WhiOm Orange Whtum 

16 Gray Gray Gray Gray WhlGra Gray WhlGra 

Notes:'. Non-U.L Recognczed units (l1r'hite areas) use m AWG. 24"L, Tefton' Lud WIres 
2. Unils wiIh IOOVA __ ... not U.L Recognized or CSA listed 

Switch actuation levels are detennined following the guidelines below. 

Ne 

WttlB!~lRed 

WhlBlklYel 

WhlBll<IBlu 

WhlBll<IBrn 

WMiiklUm 

WhlBll<IGra 

All units 72"or less L" with Stainless Steel or Buna N floats. Also Type 5 units over 
72'L" with Buna N floats: 
A. 1-1/2"(38.1 mm) minimum distance to highest level (2~ Type 5 only). 
B • 2" (50.8 mm) minimum distance from end of unil to lowest level. 
C • 3" (76.2 mm) minimum distance between levels. 
o ~ 1/4· (6.3 mm) minimum distance between actuation teve!s (Note: One float for 

two levels can be used only when low level Is N.C. dry and high level Is N.O. dry). 

Types 1. 3. 4. and 5 unils with sWnless steel ftoat. Part Number 15666: 
A .1-5/8"(41.3 mm) minimum distance to highest level (2~ Type 5 only). 
B • 2-1/2 -(63.5 mm) minimum distance from end of unit to lOwest level. 
C. 4"(101.6 mm) minimum distance between level. 
0.1/4"(6.3 mm) minimum distance between actuation levets (Note: One float for 

two levels can be used only when low level Is N.C. dry and high level Is N.O. dry). 
Notes: 
I.A. B and c dimmsIOC1s based on liquid It><dflCgmityof 1.0. 
2.Oneftoat .... two_ ...... _onIy_2OVAawtIdIls_. 
3. __ ... _ ondescending_1M!. __ , .. "" __ 1IIrid. omIess 

otIIerwIst 1!I<dfied. 
4.ToIeranceon __ Is%IIB·(32mm) . 
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GEMS' 

LS-800 Series -continued 

Mounting Types - continued 
Type 5 Extemal MountlOg --------:-TI1I-.5--------
units are ideal for tanks Enefll.!' Mount 
w~h lim~ed access to 
tops or bottoms. 

Housing Material 

Slem Ind M.unting 

Pal1 Sizes 

Max. Length (La) 

fl.at Slaps·· 

4J 2-W'REf 
tll16' ~J1m11 

I : ilJ;~~· 
2"MIi PIPE 

(5Olmm) 

, ""'- HIT PORT 

Brass 316 SlAinless Steel 

Brass 316 SlAinless Steel 

314" rlPT l'rlPT 

140' (355.6 em) 

Becyllium Copper S.s. ARMCO PH-15-7 MO 

•• Units greater Ulan 72" ... "," ~ngth Ire ,"pplted wiUlcoliars wiUI setscr .... (mad< of .. me mateliilas 
stem and mauntina) III place of float ..... rinas. CGUars are optional on Ufllts lesS _ n· ... r.IIl ~ngth. 
Units requ~C 316 ss ftoat tto;:tS mt.'St be s,.neda! croered with 316 SS COII.ars ins'.e:d of Ori.p f"n"gs. 

Float Types 
A single float type is selected for use al ali actuation points 
fl.al Malel1al 

CompaUble MaunUng Typ .. 

Flaat Olmentlont 

PoI1 Kumber 

OperaUng Temperalll .. 

Mia. Media SpecHic GmIty 

Pressure Ratings Chal1 
(PSI. Max.' 

1. 2, ~ 

4 
Mounting Tille 

5 
Brass 

3166.S. 

Buna N 

2 1,3,4,5 

~~ .. • ~ .. ........ ...._1 
J,.,,,.I~ -I I·',,· I=' ... ... 

W' .6I11lJ «7.6l1l1I 

26032 lQ558 

Water. 10 lBO"f (82.2"C) 
Oi\: ~OOf 10 .23O"F (~o"clo .11O"C) 

.75 I .55 

flo,1 P,11 Kumber 

26032 I 10558 14569 

150 750 

150 

l00@.70"f(21.1"C) 

150 I 750 I 

15666 

300 

300 

lS-800-A Series Adjustable Mounting 
Available lor LS-800 Series Mounling Types 2. 3 and 4. 
SpeCial C(och-mrt on mounting 
allows stem 10 travel up or 
down lor IlOe tuning Ihe actua
tion points. The extenl 01 ad
iustment depends on uM length 
and distance Irom mounllng to 
highest float stop. When order
ing. specify "LS-80o-A' as 
Series Type. 
Note: Malamum DYtriltllel\Qth IS IlmlteC 
to n"wnh thIS ODhon 

316 Slalnleu Sleel 

1. 3, 4, 5 (Units ,:n') 3, 4. 5 (Units >7Z') 

e>J:" ~\ • .J" . ~.L I-.z 15Ur "- ./ 
......... 

I I n' ...... 
~,~1/l' l5<2 .... 

1\2.'l1l1I 
14569 15666 

~O"fto.3OO"f (~to .146.9"1:) 

.l!O I .75 



targe Size - Metallic 
_.,-800 Series 
~! Stainless Steel or Brass Mountings 

- I 1 to 6 Actuation Levels 
Lengths to over 11 feet 
U.L. Recognized, CSA Listed 

Rugged construction and multiple options provide the LS-800 Series 
with exceptional versatility. Longer and more substantial than other 
metallic models, the LS-800 is capable of supporting larger, more 
buoyant floats, and is physically stronger for better reliability in 
contaminated or turbulent media. This series offers SPST or SPDT 
switches, and a choice of mountings, floats and m~terials that can be 
configured for a wide range of applications in water, oils, chemicals 
and corrosive liquids. 

Temperalure Sensing 
To save space and simpli1y wiring GEMS can in- r 
corpol1lle a lempel1llure sensor in !he end of Ihe 
f10al slem on any modellype LS-800. Two 
sensor types are available: T I1Insducers for conlinuous 
output, and ThermostalS for sw~ch actualion. See Page 
42 for details. 

Adjustable Mounling 
vs stem 10 tl1lvel up and down for fine :t: 
.g your actuation poinlS. See Page 32 for ..,.... 

oetails. 

Junction Boxes 
Simpli1y wiring with optional terminal strip .,... 
J-boxes. Feraloy versions are explosion-proof V 
(Some FM Approved) and water tight See Page 
43 for details. 

Mounting Types 
Each mounting type can be confogured with stem lengths (I.,,) and float material 
indicated in the table below. Mountings are also continued on following page. 

T"e 1 Type % 
11Z"NPT 1·1/4" NPT 

t~ 

t~~ ·~:'f~~ 
Slom and Mounting Material Brass or 316 Stainless Steel 

Length (La) 36" (91.4 em) I 60" (152.4 em) 

liquid Level Switches 

1 
~~ 
A 

... 

\-
'iU@ 

r 
V 

-t-
~ 

I <f>' 

J( 
~~ 

T".4 
3",150' Ola, flange 

.. +~ -'-

t >-<:>< . , , . , ' :':::.:Jtr-:\ <i>"---- .-•• ~ 
Type 3 

\:~p 2"NPT 

~!:l'~ 
---<:>-.-

-r·vz·lIIA.-

~~ ,. -, 
Flange: carbon Steel Or 316 S.s. 

Slom: 316 S.s. 
140" (355.6 em) 

AUqPO$\Uon Vefli<:al ± 30" InclinallO<l 
AaatSlGps·· Brass Units: Beryllium Copper Grip Rings; Stainless Steet Units: S.s. ARMCO PH·I5-7MO Grip RIngs 

•• IJaIIs _ ..... n·_length ... _ wtIh _ wtIh __ (mode of ..... _ IS Clanlnd 1IIOCIIIIing) In place of 1Ioa1_1ings. CoIIm II< O(ICiOnaIon unIIs 
.... _n·_1engtll.1JaIIs leCluirInQ 316 SS 1Ioa1_ must be __ wtIh 316 SS ...... _ ofOrip lings. 
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Liquid Level Switches 

SWitch Operation 
Depending on lIle mountang pos~lon. the float on lIlese switches can e~her rise or lower 
with the liauid level. Bv rotatlno the switch t80·. lIle Switch operation can be Normallv 
Open or Normally Closed. Arrows on exterior of mounting indicate N.D. when pointing up. 

Normally Open ENYElOfl£ • • '. tmed 
flOAT AAC~.".. Normally 

~ 00 .-I·~ 
- "<::-"', til When the SWItch IS mo:mteCl so 

• ••• ~ thallhe 11021 ns~ wrth Iht 
When the sWItCh IS mounted so !eQuid ttw:I, lhe SWItCh IS N.C 
U\It the ffoal Jowe"~ with (he' 

ttQutd tevel, the SWItch is N.O 

POint of Operation in Specific Gravity of 1.0 

Mounting 
Type 

Part 
Number 

Howlo Order 

Contact Closes As 
lever Rises 

Contact Opell$ As 
level FaUs Floal Art Envelope Contact Closes As 

level flUs 

Selea Part Number based on sDeCiflC2tioas reauired. 

Mounting Mltertals Mia. Uquld 
Tnte 'fem lad M •• otIag I Ftaal SCI. Gr. Operatiag Tlmtlentul1! SwIIcb* 

SPST 
1 PoIysutfone .75 ~ to .225*f (-17.a-c to. t07.2"(;) 
1 Rut""'" a .... .98 ...t~f to ~ (~17.8~ to 4-14S.uOOC) .. 1 ..... ··_··-. 

2 Ry\on®RooI .80 ~ to +3OO*F (·17.8-C to +1~.9"C) 
3 PoIysutfone .75 ooIO*f to .225*f (-17.a-c to .107.2*C) 

20 VA 

3 Ry\on®RooI .98 -4O*f to +3OO*F (-17.a-c to .1~.9"C) 

• RytOll® Rool .80 -4O*F to +3OO*F (·17.8-Cto .1~.9*C) 

Alum. Body Aluminum 380 I Polys_Hone .80 -4O*F to .225*f (-40*0 10 .107.2"(;) 10VA 

Contacl Opens As 
level Rtses 

Plrt 
Hamller 

7&141 
~- .... 
'UI~ 

7&145 

7&147 

76148 

76151 

113830 

Floal Art Eovelope 

9 
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Sma!! Size - Non-Metallic-continued 
lS-7 Series - Side Mounted 
These low-cost units are ideal lor high volume use in small tanks and 
vessels. Polysulfone or Ryton"' construction oilers broad compatibility in 
water, oils and chemicals. 

Type 1 - External Mounting 

9.1@ 

PolysuHone or Ryton'. 

Type 4 -Internal Mounting 

Ryton· only. 

Common Spec!!!calio!!S 
Operating Pressure: 150 PSI, Max. @ 71l"F. 

Ryton' only. 

Aluminum Body Type - External Mounting 

Polysullone floa\. 

Type 2 
5' 

(121111T1J 

"f!5·0!.·~ 
{f15m1j 

I----J"r .. ~· .. ,----l 

Aluminum Body Type 
4-3/4' .------,(1lIU""I---"1 

" 

1.~..o1rlJT HI16"tM.. 
cas-I (115_ 

L ..... ' I 
cas 71M1J----t 

Electrical Termination: No. 22 AWG, 24"L, PVC or Teflon' Lead Wires. 
Approvals: AlILS·7 Series SWItches (except Aluminum Body Type) are U.L. 
Recognized - Rle No. E45168, and are CSA lIsted-Rle No. 30200. 
Mouniing Attitude: Horizontal. 

Type 3 -Internal Mounting 

9.1@ .• --- e;!!!!I 
=--.;C:: 

'""Ii 
Polysultone or Ryton" 



-
Custom Length Level Switches -1 :15 Scale 
Non-Metallic Versions 

LS-tOOf'VC 
Seres, 
f.ges 
27&U 

Metallic Versions 

Small Size larve Sizes 

sr! 
~"IO 2£ 

LS-<OO 
Se"" 
Po", 
31 to 33 

Liquid Level Switches 

Icon Key 
The icons shOwn below are 
used throughout thIS cat.1log to 
indIcate the availability of the 
ioiiowifiO opilons; 

r -Integrated Temperature 
Sensor 

<f>' -Exploslon-Prool June
lion Boxes wrth Termi
nal Stnps 

~ - Lexan· Slosh ShIelds 

5 



GEMS· 

Level Switch Overview 
The silhouettes shown here provide an overview of GEMS level switch 
products and their size relationship. Standard Single Level versions are 
shown on this page, at a scale of 1 :3. Typical Custom Length versions 
appear opposite, at a scale of 1 :15. 

Standard Single Level Switches -1:3 Scale 
Non-Metallic Versions 

Small Sizes 
LS·' 

Large Sizes 
LS·7<t711O 
epvc 
5Iries: .... " 

Metallic Versions 

Small Sizes 

lallie Sizes 

LS·11OQ ...... .... " 

4 



• "ectrical Data 

.. 

• 

.:>!andard reed switches in GEMS level switch unitS are hermetically
sealed, magnetically actuated, make-and-break type. Switches are SPST 
or SPOT, and rated 20 VA. See the chart below lor maximum load 
characteristics 01 GEMS level switches. 
GEMS Sensors Division would be pleased to run life tests on our level 
switches with your specific load, and issue a report indicating the 
approximate number 01 cycles that can be expected. 
U.l. Recognized Units: Switches showing a U.l. listing are rated lor 
10 VA, 20 VA, or 50 VA as shown below. 

Switch Rating - Maximum Resistive load 
VA Valts Amps I.e 

0·50 2-
10 120 .08 General Use 

100 NA 

0-30 .4 
20 120 .17 Pilol Duty 

240 .08 

0-50 0.5 
50 120 .4 Gene",1 Use 

240 2-

120 .S·· 
100' 

240 .4 , 

• LMlswItdl units wiII1100 VA switches II< nat U.L Recogniled. 
" Uml1ed to 50.000 aper>1ions 

Explosion-Proofing and Intrinsic Safet'{ 

Amps oe 

.13 

NA 

.3 

.3 

.13 

.06 

0.5 

.4 

2-

NA 

NA , 

GEMS offers optional CSA Usted and FM Approved. explosion-proof 
junction boxes for many level switch models. Compatible level switches 
are indicated throughout this ca1aIog by the small Icon, ... Information 
on expiosion-prooi j-boxes is iound in me Accessories section of this 
catalog. 
For intrinsically-sale insta\lations. nothing performs better than GEMS 
Zener Barriers and SAFE·PAKe Relays. These solid-state devices render 
the entire sensor c!rcuH: int'insically-safe y,ithout exploslon=proof 
enclosures. latching version relays can control pump-up/pump-down 
operations. See Page 45 for more information . 

Liquid Level Switches 

T I'l'ical Wirin~ Diagrams 

SPST, Normally Open - 01)' 

I 
lito 

~ 
REO 

SPST. Normally Closed - 01)' 

I REO 

. 6 · REO 

SPOT. Shown 01)' 

COf,I l NO ORANG! 

[!tHe 
IiW 

BlACK 

--
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General Operating Principle 
,EMS Level Switches operate on a direct. simple principle. In most 
models. a float encircling a stationary stem is equipped with powertul. 
permanent magnets. As the float rises or lowers with liquid level. the 
magnetic field generated from within the float actuates a hermetically 
sealed. magnetic reed switch mounted within the stem. The stem is made 
of non-magnetic metals or rugged. engineered plastics. When mounted 
vertically. this basic design provides a consistent accuracy of ±118 inch. 
Multi-station versions use a separate reed switch for each level point 
being monitored. 
Side-mounted units use different actuation methods because of their 
horizontal attitude. The basic principle. however. is the same: as a direct 
result of rising or falling liquid. a magnetiC field is moved into the 
proximity of a reed switch. causing its actuation. 

Reed Switch Reliability 
The durable construction of these reed switch designs 
ensures long. trouble-free service. Because the ""0"""" 
effects of shock. wear and vibration are 
minimized. these hermetically sealed switches provide 
precise repeatability with no more than 1 % deviation. N 

The switch actuation points remain constant over the 
life of the unit. See "Reed Switch Protection" in the 
Appendix section lor information on extending the life 

N-

of GEMS Level Switches. 
- s 

Liquid Interface Monitoring 
In addition to monitoring the surtace level of liquids. many GEMS Level 
Switches can be used to sense the interface point between dissimilar 
liquids sharing the same tank. Monitoring water condensation in fuel 
storage tanks. and separating chemical emulsions in process systems 
are two typical application examples. Mutti-station level switches can be 
configured to monitor this interface point In addition to high and low 
liquid levels. Contact GEMS Sensors Division with your specHic 
application. 

Installation and Maintenance 
A standard NPT female boss in tank top. bottom or side is all that is 
required for rapid Installation. Units operate normally in any attitude -
from the vertical to a 30· inclination - with lead wires up or down. 
Standard IPS pipe extends units to any intermediate level In the tank. 
Details and tips for installation and maintenance of GEMS Level Switches 
are found in the Appendix section of this catalog. 
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1EMS liquid level 
Switches 
From a Company You Can Count On 

Within this catalog you'll find a comprehensive selection of quality liquid 
level switches for most any single or multi-paint level sensing need. 
These float type sensors provide on-off switch action for a variety of 
requirements: 

Pump-Up and Pump-Down Operations 
High, Low or Intennediate Level Alanns 
Motor or Solenoid Valve Actuation 
Safety Interlocks 

For more than 35 years, OEM design engineers and general industrial 
customers have selected rugged GEMS Level Switches to ensure 
reliable, accurate liquid level sensing. 
Designed for a broad range liquids, including water, oils, fuels and 
chemicals, GEMS Level Switches are versatile performers. Here are just 
a few general areas where you can find them currently in service: 

'.arge Storage Tanks 0 Cooling and Refrigeration Systems 
Appliances 0 Small Reservoirs 

o Medical Equipment 0 Agricultural Equipment 
o Automotive 0 Marine 
o Dispensing Systems 0 Utilities 

Gems Sensors OMslon, PlaInville, Connecticut 
GEMS Sensors is a division of Imo Industries Inc. IMO is a leader in 
selected markets for instrumentation and controls, engineered products 
and their support service. The IMO family of companies has been serving 
businesses for more than a century. Its range of products include 

sducers, pressure and temperature switches, pumps, clamps, 
.. Inectors, engines, turbines, compressors, gears and more. 

CoSIOm 
Le",UH 10 6 
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Non-Metallic Construction 



The Ultimate Non-Metallic; Air-Operated 
Twin Diaphragm Pump 

Inlet Be Outlet 
Ports Rotate 

to Any Position 
The inlet and outlet 

manifolds provide mounting 
and piurnbing versatiiity. 

Variable Delivery Rate 
The flow rate is variable 
lrom 0.13 GPM. Simply 

adjust the inlet air pressure 
from 0.100 PSI to achieve 

the desired flow rate. 

o 

Standard Split-Manifold 
Design Allows Multiple -----, 

Installation Configurations 
The unique split-manifold 

design with threaded ports 
allows the pump to be 
configured in lour (4) 
different ways without 

expensive accessories: 
• Single Inlet I Single Outlet 
• Single Inlet I Dual Outlet 
• Dual Inlet I Dual Outlet 
• Dual Inlet I Single Outlet 

Choose From Two 
Body Materials --+ "iiJ 

For a broad range of 
chemical compatibility, the 
-etted sections of the pump 
are constructed 01 either 
polypropylene or PVDF 

(Kyna" ). 

Your Choice of Three 
Diaphragm Materials 
Th_ different diaphragm 
materials are available to 

pn:;y.a.cse ii"'.a:tet.al oompaubiUty 
tor your Installation. Choose 
from neoprene, polyura\hane, 

or TeIto~. 

Check-Yalve Options 
Meet Wide Range of 

Auld Handling 
Requirements 

The standard balk:heck 
valves are lor Iow-Yiscoslly 

fluids while the dUCk-b1ll 
check valves are lor fluids 

that have fibers or high 
solids content. 

CorroSion-Resistant 
Clamps and Fasteners 

To assure chemical and 
environmental compatibility, 

all metallic fasteners are 
constructed of Series 300 

stainless steel. 

. The End Caps Bolt 

~
. Directly to The 
. Pump's Center Body 

.• . This design provides a 
. posnive seal between the 
... end caps and the pump r· body. It also assures precise 

alignment of parts and 
provides for easy 

re-assembly. 

F-_The Air Valve Is Easily 
Removed 

Separate acce$ to the main 
alr valve allows the user to 

perform maintenance or 
inspection without disturbing 

the fluid sectlon of the 
pump. 

Positive Pt1mlng 
'--------- Provides Easy 

Pump .Flulds with 
Suspended Solids 

Content up to 3/32" 
In Diameter 

The fluid section has no 
packlngs, close-frtting or 

sliding parts. This allows the 
pump to handle fluids with 

suspended solids content up 
to 3132" in diamJter. 

Start-Ups 
The check-valves are located 

close to the diaphragm to 
assure positive selfllrimlng. 

~ Is. reglsten!d t_marl< of the Pennwalt Corporation. 
lEFI..()Ne Is. reglsten!d _marl< of the DuPont Corporation. 



Unique Manifold Design Allows Maximum 
Installation Flexibility 

3-Piece Manifold 
Fits Your Piping Requirements 

The three-piece, inlet and outlet manifolds of this 
pump have been designed for maximum 
installation versatility. No additional accessories 
are required to utilize the pump in any of the 
possible installation configurations shown to the 
right. 
Each of the three sections of the inlet and outlet 
manifolds have a 112 NPT(F) threaded port for 
installation convenience. 

Inlet and Outlet Rotates 3600 

The center section of each manifold rotates 3GO" 
to accomodate precise piping alignment. 

Convertible Manifolds 

With the center section removed and each 
manifold end rotated 18O", the pump can be 
plumbed for dual Inlet or dual outlet operation. 

Accepts Standard Flanges 

This pump was also designed to 
accomodate standard flange 
connectors. Unlike other 112" 
InleUoutiet pumps, there is 

"\ sufficient room to install standard 
'lange connections directly to 
JOth the inlet and outlet manifold 

of the pump without modification. 

Single Inlet I 
Single Outlet 
Pump from a single fluid 
source to a single 
dispensing point. 

Single Inlet I 
Dual Outlet 
Pump from a single fluid 
source to two separate 
dispensing points. 

Dual Inlet I 
Dual Outlet 
Pump from two fluid 
sources to two separate 
dispensing points. 

Dual Inlet I 
Single Outlet 
Blend two fluids in equal 
volumes by pumping from 
two material sources to 
one dispensing point. 



Unique De~igns for F!uin F!ow and Air Control 

The Check-Valve Cartridge 
Assembly Simplifies 

leplacement and Minim!zes 
Cost 

The unique check-valve assem
bly utilizes a cartridge-concept 
design which allows easy re
piaeemenl at minimai cost. 

Unlike other designs that mold 
the check-valve assembly into the 
end cap or manifold, the modular 
ARO" design allows single-part 
interchangeability for each of the 
four required check-valves. 

This design also allows two 
entirely different check-valve 
types to be used interchange
ably in the same housing. 

<::::> 

I --., l 
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Ball-Checks Provide Positive Priming 
The standard ball-checks are used for most fluids. 
They provide smooth positive priming. maximum 
suction-lift. and a high delivery rate. They will pass 
suspended solids up to 3132" in diameter. 

Duck-Bill Checks Pass Fibers 
')uck-bill checks are for fluids that are fiber-filled 

- have a high-solids content. Because of the 
,,"ique cartridge design the duck-bill check-valve 
assembly can be Inverted so that fluid flow can 
be reversed to prevent settling of solids. 

How It Used To Be 
Other diaphragm pump manufacturers uSe a~ 
mechanic-al trip or a single-stage valve to contro!U 
the reciprocating motion of the diaphragms. 
Mechanical trips need to be replaced often be
cause the detent device and/or the springs lose 
their recoil tension. 

Diaphragm pumps equipped with a single-stage 
valve are susceptible to stalling. When one of 
these pumps is operated at slow cycle speeds, or 
used to pump heavy material, the over-travel of 

.. the diaphragm is reduced and so is the duration 
of the shift signal. This condition may cause the 
valve to only partially shift or stop completely. 
Either of these conditions will keep the pump from 
running. 

State Of The Art Improved 
The ARO 112" Diaphragm Pump uses a two-stage 
valve to control the reciprocating motion of the 
pump. A pilot valve supplies a pilot signal to the 
power valve throughout the entire stroke or cycle 
of the pump. 

The pilot valve is not connected to the diaphragm 
connecting rod or the diaphragms. The pilot valve 
is oriented between the air chambers so that 
mechanical force moves the pilot valve to the sig-0 
nal position. which in turn shifts the power valve . 
(See Rgure 1). 

Dleph::;m 

Pilot 
val"" 

• Exhaust \ill Suppty Pressure 

RGURE 1 RGURE 2 

The air from the power valve continues to shift the 
pilot valve and hold it In position. even after the 
mechanical force Is removed (See Rgure 2). 

This action positions the pilot valve for the next 
~e and maintains the pilot signal throughout the . 
enllre cycle of the pump. 

This Improved design allows you to run the ARO 
112" Diaphragm Pump at slow cycle speeds and 
with heavy materials without the pump stalling and 
stopping the flow of production materials. 



Performance Data 

.. 
"' « 
L 

§ 
~ 
0 

'" "' '" 
"' Cl « 
'" '" " .. 
c 

NEOPRENE DIAPHRAGM WITH BALl.cHECKS 
fUT 

$"" "'" BAA ~--,----r---,r---,---, 

173 7S 52 

;;6 so 

.. 25 

0 3 
I") 

ii 9 
(23) (lot) 

12 
(<5 

WnEA DELIVERY G P.M. (lrrERS PER MIN.) 
.D45 gal (17'0 liter) .. typICal d~ per cyde 

TEFLON DIAPHRAGM WITH BALL.cHECK 
FeET 

OF 
HEAO PSI BAR 

231 100 6.9 k-----.\----.\-----l 

173 

116 

~ .. 
0'/ 

" 52 

it~8( 
so 35 

~17L=~,1 
o 5 10 15 

(19) PS) (57) 

WATER DEUVEAY G.P.M. (lITERS PER M(N.) 
1l3B gol. ( ..... I;(er) - typical cr_Ming per cycle 

HEAD fH FEET • PSI JI Z 31 

Sf"EClFIC GRNm' 

SPECIFICATIONS 

NEOPRENE DIAPHRAGM WITH DUCK·BILL CHECKS 

F£ET 

HrAO PSI BAR ~-'I---r--~--T"""--' 

231 $00 69 k--+~-4--+---+--j 

~
) 

".s:-
173 7S 5.2 1:--+~-4--+---+--j 

~~ 

o J {, 9 12 1!J 
(11) (23) (34) (45) (571 

WATEA DELIVERY G.P:M (LITERS PEA MIN.) 
D40 gal. (.t51 hler) _ tYPical dispensing per cycle 

DIMENSIONS 

Polypropylene Ball·Check Valve..' . '. .. - .' -.' . . 
~:tS -~~ NEOPRENE HEOFRSE ti i4i53j 1i4ifj 1i2if) 1i2ifj IOOIU) - 7.5 (3.4) ·",,",'--.-..rrl~ 

~ I'OIYPROPVlENE BUllA. '11" BUllA. '11" l1 14(53) lH(F) 1I2(F) 1I2(F) 100 (6.9) W 75 (3.4) 
I6605UI3 I'OIYPROPVlENE WItlH WItlH 1:1 14(53) lH(F) 1I2(F) 1I2(F) 100(6.9) 3IJ2 75 (3.4) _'44 I'OIYPROPVlENE TEflON 1lR.ON 1:1 13fC9) lH(F) 1I2(F) 1I2(F) 100(6.9) 3IJ2 75 (3.4) - I'OIYPROPVlENE 0ElIlIN N£IJf'RSE 1:1 14(53) 114 (F) 112 (F) 1I2(F) 100(6.9) W 75 (3.4) -- I'OIYPROPVlENE URETH.\NE IJRE1lWIE l1 14(53) 114 (F) 112 (F) 1I2(F) 100(6.9) W 75 (3.4) 

PVDF . . Ball-Check Valve' .. ' . .". '-'. '.. . ... :.. -,:..-. ::'. 
~1 I'OIYPROPVlENE 
666054-422 I'OIYPROPVlENE 
I66OS4-433 I'OIYPROPVlENE - I'OIYPROPVlENE 
666054-461 POlYI'AJPYLENE 
&154488 I'OIYPROPVlENE 

.. ...Q1J22 POlYI'AJPYLENE BUllA. '11" BUllA. '11" 1:1 12 (45) 114 (F) 112 (F) 112 (F) 

1Q3(4.7) 
1Q3 (4.7) 
1Q3 (4.7) 
1Q3(4.7) 
1Q3 (4.7) 
1Q3 (4.7) 

75 (3.4) 

o 

o 



Material of Construction 
POLYPROPYLENE - Polypropylene has a broad 
range of chemical resistance, high-fatigue endur

~ ance, superior abrasion resistance with low co
" 1 efficient 01 friction. It is resistant to most acids, 

alkalis, and saline solutions even at higher tem-
peratures. It is also resistant to higher aliphatic sol
vents and polar substances. 

POLYPROPYLENE has a temperature range of 
350 to 15ooF. (20 to 650C). 

The POLYPROPYLENE used in this pump is UV 
stabilized. 

Accessories 
Air Line Connection Kits 

MODEL 

66073-1 

93368-1 

AIR UNE CONNECl1ON KIT - For use with 1/2" and 1" Otaphtagm 
Pumps. Kit includes Uinialure Series Piggyback FoIterlRegutalor 
(w129H5 gauge) model 129121-400, 1/4" NPT temale Ihread coupler, 
114" NPT male thread CXJMedD~ 1/4" NPT x 2·1/2" long pipe nipple 
and a 5 loot long air hose with 114" NPT male Ihread - each end. 

PRESSURE REUEF VAlVE - is preset to 125 psi (t 10 psi). 
10 be used in systems where thermal expansion or excess 
backpressure can develop in the fluid fines. Valve should be 
installed in a piping tee located near the outlet of the pump. 
Tubing or hose will be required to retum blee<kIff to fluid con
tainer. 

PVOF - POLYVINYLIOENE FLOURIOE (KY· 
NAR) - is a tough engineering thermoplastic that 
offers a unique balance of properties. PVOF has 
mechanical str~ngth and toughness, high abra· 
sion resistance, high thermal stability, and high 
dielectric strength. PVOF is resistant to most 
chemicals and solvents, ultra violet and nuclear 
radiation, weathering, and fungi. 

PVDF has a temperature range of loo to 20oo F 
(-12" to 93OC) 

The PVDF used in this pump is UV stabilized. 

INLET 

114" NPT 

114-18 (M) 114-18 (M) 

Body constructed of brass with 
Buna "N" O-ring and stainless 
steel spring. 

..... .... #~ 

. ii;K 
76763 WAll: UOUNT - Provides secure wall mounting lor 1/2" OiapIuagm Pump. 

Siphon Tube 

61409 SIPHON TUBE - PVC 1IIbe with bung adapter. For ss. 1/2" 0iapIuagm Pump 
gallon drums. Can be cut lor smaller COI1IaineIS. and Sij)hon Hose 

614t2 SIPHON TUBE - Threads directly into pump inlet. 1/2" Diaphragm Pump 
Includes standarII bung adapler. Schedule 80 PVC pipe. 

Siphon Hose 

n , 
61412 

1/2(F) 

1/2(M) 

\' 

'112" 1.0:' '''' .. /Thiokol Tube:' : '21'abric Wire Braid .. :: ...... ~: ;S" '. '. 
'11IlS" 0.0.. .' Neoprene Cover. Working Pressure - 200 p.S,r:(14 liar) 

112" 1.0:""':-' 'Polymeriube ';';'. ,:Polyesterllrald '::',' : ". , •. : "'. 
·13116" .o.D: _;' Polyurethane Cover. Working Pressure - 2750 P.S.f. (190 tar) 

1/2 NPT(M) x 1/2 NPT(M) 1/2 NPT(M) x 1/2 NPT(M) 
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ipecUications 
inlmaid r-.nclo~\lre~: \,;tI\1."", li~le.'t.I in thi~ 
<'f'il.,.. h~\'t' dchc"r Ikd,l ".1 nl(,,(;tl !'>ede.'nuid 
_insure..,.. nr 'kd·lI:u 11 mohkuc,TMIX}' 
4"l'n(lid~ Ikd·Il;l1 II \';lh'<,,,,, an.' icJc"nlific."t.I 
,,- Chc,' dl;loJ.,:c" !c.-uc,'r "(to. in Ihdr c..(:.tl()~ 
"'mhe.'r.., e.~ .. H.!IfIi.!-I. ;lnu ;afc,' shown 
"n:'d. 

,c:lnd:trd Enc.:I(,~urc': 
:e. ... I·lb:1- Typc" I (~c.'nl'r;tl JJurp('~l' 

',e."'.II;l.1 11-'rypl'~ I. ! .. '\ .. , .... 4 ;a11l.1 
:\ <:tmlhin;Hlun (,l'lwral Purp(N.." 
Ikl \\~I(:rl iJ.!hl. 

.plional Ench,surt.,~: 

. n'·I':at - 1')'p:~ ..... ., ;lnd l) Cc.1I11hilUliun 
X('k .... innpruu( :and I(;ainlij!.ht. Tu uruc."r, 
dcJ rnofix "m:- 1O c::u:duf.! numher. 
f.xc:<.11C C:tl:tloJ.! NUnlhl"fS XlIUII'i7, 
'!IUU'iX ;tnu H.!.IIII1C;'J)'&J 

c.."·lIa( 11- Trrc:~ ." ..... S. ·i. ·iX, Ct. (,I~ 7 
lid .., Cumhm;alinn Explu!oIionpRJu( :uuJ 
:ate."f'liJ!ht. 1 ... "rdc.'r. ado prefix -El:- to 
~'2k~ oumlle.'r. 
dc.1ili(Hl;l1 C:t,n~(rue.·li(m~ :Irc.' ;a\-OIilahlc:, 
he ()pCinn;a1 mcctri<.'4l1 r:c:nur<.~ S4.:ction. 

CATIONS 

p:lf.,~ II. ('''Onlairn; descriptions and 
ordcrin~ In(ormaCion (or. Opcn Frame 
Sulcnoid~ • Junction nox F..ndosucc.."S 
•• J;and Mount Cnn."Iicructions ... 

Electrical: 5(OInd:ard Voh:a.~cs: 
21.120, 2·10, ~HO vults, AC. 60 liz 
(or 110,220 vu1l5, AC. ~o l'lz) 

(1. 12, 2-i. 120. 24U voll~. DC 
Othl'r "tlhaJ.!c~ :lrc ;avoai1:ablc: wh(.'n 
r(."quire."t.I. 

Coil: (:')Olinuous uury molded Class r: 
or II, :IS lisu."l.I. 
Nominal Amhient Temperature 
Ibn~c., R<"tl·II'1 and Red·H,1 II \f;&lvCS/AC 
Cun.."'lfu(... .. iun: ;\rE lu I 25-r: 
Rc..'\.I·112( V;I~>C Cun.,(ruction: 3z-t~ tn 
7n ( 10""1; occ:a.iun,lI)" ~ 
Rc:d·II.U II V:tlvolOC ("..on."'lrucliun:.\rE 
IU 10 .. -1: 
Refer cu En~inc:erin~ Sc.."Ction fur dc:t:dls. 

\';lIve Part." In Contact 
with Fluid." 
nod)' - Ur .... <i."i ur Sl:a.inlc~' Sleel. as li.",(t.-u 
SL"2ls and l>iscl't - liun:!. OON" (If ,'<..1"lun· • 

:as 1i."'tc..'"tJ 

l>i!'oC Iluldc....- - N)'lon, OI~ h~ICU 
('.ure." Tull(' - :\OS )....'-
Core and Plu~nul - oj .'\Ol! ~_,. 
.spril\~ - ;\02 u... 
S112cJin~ ("..oil- <:CJ(IpC.."f' (hr ... ~~ txMJy ) . 
!\tlvc....- (IiUlinlcs.' ~L"t." hudy) 

Approv:aL" <:sA <'-TliCk"tl. 
UL liML'lIa~ inc..lkatc..-u. Rdcr tel 

En~inc..'\."'in~ Sc."t."iun f,)r cJc..'l:til~. 

On.lcring lnrorntatiun: 
IlIItHlrlclIIl: \":e.' mWot h;a\'l' c..';aloaluJ.! IIllmhe.·r. 
vulla~c and H<.."tt~ upef2tin~ flrc..~"Ir(.' 
and Ouidlunc.Jlcd. (be strJ,ine."I':Io willt 
~ .. uk(\()ic.l \· .. I\·c~ 

·1"""' ... , .... 1r_WMi. 

, .. a4u45GlcaoId ~. W.II 1ll1fa9t Rcd-Kal-T". I Mil. am 01 Coli 0, ... 110; Pm .... 0111 .... l1li ClSII 
RoId 

Rcd-Kal II-T" •• IoU"' •• ..., U "SIII~ClGI 
Mu.At ..... ac T • ..,.Of. ....... dy 1.1.10\1, OJ 

ea.",. Coodr. .... Grille. C, Rcl lid. 
lin $Iu flow A1f-lout UtolOIl A1f-loett UtIllOU ta"la; Ita. Ul tIIlta, Ita. Ul 
--I ''''~ 

F_. ..... Gil Wlter @aGGUI/ Gas Water @aGGUU II:. ac - (9 UdIrwj 
_. 

<!I I.kIlq II:. ac 
- .-
NORMALLY CLOSED (Closed When de-enervlzed). Buns -N"'orTellonCll SeaUng 

~ 1ft 1.5 <!l ISO 125 ~ ~ 180 ISO 82IOO73C1> lP • 8210G36C1> lP " 6.11f 11.6.1' .. '" 3 0 ISO ISO - .~ ~ - 180 ISO 8210093 50 0 - - - 10.11F II.M 
." '" 3 5 ~ ISO 135 125 100 100 180 ISO 821001 60 0 - - - G.11F I1.M .. '" 3 5 300 300 300 - - - 175 - 821006 50 0 - - - 17.1if -.. q. 2.2 <D ISO 125 .~ ~ ~;'OOI5C1l 2P " 8210G37G1 2P " 6.11F II.M 

.' 

'* Ito 4 a ISO ISO - .~ 40 - 180 1 821OG94 50 0 - - - 10.11f II.M 

'* '" 4 a ISO ISO 125 ~ 40 - 17 - - 8210G87 70 " 17.1if II.M 

'* Ito 4 5 ~ ISO 135 125 100 100 ISO 821002 60 0 - - - 6.1if 11M 

'* Ito 4 5 300 300 300 - - - 1 - 112IOG7 50 .0 - - - )7.1if --. '" 5 a ISO ISO 125 ~ 40 175 ISO 8210G88 70 " 17.11F II.M . , .... 5 5 125 \25 125 100 90 75 180 ISO 821009 90 0 - - - 6.11F II.M -. 'I. 5 a ISO ISO - ~ ~ - 180 150 8210095 aD 0 - - - 10.11F II.M -. 'I, 6.5 5 250 150 100 125 125 125 180 ISO 8210Gl 1\0 0 - - - 6.I.f 1I.6.f 

'" 'I, 6 a 350 300 200 ~ 180 '180 ~ 17 11210826 Q)O lOP (j) - - - 15.4IF !ID.6.1I 
1 I 13 0 ISO \25 125 100 100 80 180 17 82106540 310 (j) 8210089 150 (i) 15.4IF !ID.6IIi 
I I 13 5 150 150 100 . 125 125 125 180 150 82100. 120 0 - - - 6.11f II.M 
1 I 13.5 a 300 225 \15 - - - ~ - 8210627 14P " - - - 20IF -
1'1< I'. 15 a 150 125 125 100 100 80 180 17 82\08550 320 til - - - 15M 3O.6IH 
IV. 1'10 15 5 ISO 150 100 125 125 125 180 ISO 8210G8 160 0 - - - 6.1IF II.M , ~I/. 22.5 a ISO 125 125 100 100 80 180 17 82_ 330 G> IS.4IF !ID.6IIi , 22.5 5 ISO 150 100 125 125 125 180 150 8210022 180 " - - - 6.11F II.M 
• I ..... Q 5 150 125 90 50 SO 50 180 ISO 82100100 20P " - - G.IIF 11M 

:* I I .... 45 5 150 125 90 50 50 SO 180 150 11210010/ 21P " - - 6.11F 11M -



I 

---------
'2'0 SERIES (continued) 

SPECIFICATIONS {continued) 
Sll ....... hleaoW lado.et. 

Openllft, rrwlfc OllieR.1I11 'Slsll Mil. Red-llll-Ty,. I win I\ItllO' 
FltIld .... -IIIIII-Ty ..... 2.~. U. 4 1M 4k 

Clast" tall 
MI.l. At. Ku.oe TCftI ... f. IratS loely S.S.IOdy .t.lIllIan 

eoaslr. tnSIt. "". Orille C. Uo" 011 UplOIl Ret Rol 
Stu SI" Flow Alr-lMn @30Q Altotnert @3OQ CataloQ ••• Ul talalaQ • •• Ul 

1"'.\ Cta •• 1 faaar Mia. Gil Wiler SSU Gil Watr' SSU N; DC N .... cr ~, LltU", HumbcI '0" llsll., At DC 

NORMALLY OPEN (Open when __ gl.ed~ SUM "N" Seating (Nylon Olsc Holder. ""cepl" noled) 

~. .... J 0 ISO ISO m 125 125 80 180 ISO H:'W.;';':: 2J0 · 10.lff 11.6tf 
~. ~. l 5 2SO 200 200 2SO 200 200 180 .80 n:'UKill®«> 390 · - - - 10.lff 11.6tf 
'h ~. 4 0 ISO ISO 125 125 125 80 180 .SO IJlUlGJ.! 2J0· • 10.11f I1.M 
'h 'I, l 0 ISO ISO 100 125 .25 80 180 ISO - - - 6:'1111;::0 l70 . 10.11f I1.M 
'h ~, 4 5 2SO 200 200 250 200 200 180 180 8210GI;>@(!) 390 · - - - 10.lff t 1.61f 
~, 'I, 5.5 0 ISO ISO 125 125 125 80 180 ISO If'}tO<i:J~ 250 • - - 10.lff 11.6-[ 
~. ¥, l 0 150 ISO 100 125 125 80 180 ISO - - - ;t.·11k.:'~; 380 . 10.11f 11.6-f 
~, 'I, 6.5 5 250 200 200 2SO 200 200 180 .80 8210ell 240 • - - - 15.4fF 16.M 
1 1 13 0 m 125 125 - - - 180 - 8210B571!>8 340 · - - - 2M -
I 1 13 5 ISO ISO 125 125 125 125 180 180 8210014 260 · - - - 15.41f 16.M 

lilt 1'/4 I~ 0 125 125 125 - - - 180 8210058®fI 350 • - - - 2M -
1'It l'h 15 5 150 150 125 125 125 125 180 180 8210018 280 • - - - 15 « 16.8:f 
I'h 1 lie 22.5 0 125 125 125 180 8210859®@ 360 • - 2M -.'h l'lc 22.5 5 ISO ISO .25 125 125 125 .80 180 8210032 290 • - - - 15.« 16.M 
2 1 ¥, 43 5 125 125 125 125 125 125 180 150 8210103 lOP • - - - 15.41f 16.M 

21/2 1~, 45 5 125 125 125 125 125 125 180 ISO 8210104 27P' • 15.41f 16.M 
Holes: ('J S p5<l on ItAr: I pSt on ~ef. to VMs ftOt MliIabte.nUl: Erplosionprool endOstiftS. 

01 V,M I)f'CMded with leUon IN'" Iksc. 
f.'t Va"'" Wldudes unem rG.f. IfJIkmart) pSion. 
~ \.CItei' ""0 M CIC!nOlcS ~m COIUtcucuon: .,,~ deno1es Piston consttuctton. 
~, Ul.:slt'<l' IS General Pvr1Iose Y'M on II; ~1U.0t only 

CD On 50 Hertz sen1ce. the aU rat.1ng lor the 6.\If SOIcnotd 1$11.1 waUs. 
OIl N:. ConsIrvdion _ /Iu """" """'11. II> No __ • 

Cit S-. SI<d elise_, 

ELECTRICAL INFORMATION 
o DC constr~ mus1 have soknotd mounted wrtte.aIIM IIPftghl. 

WIt( Rltlq 1M Spm toll PI" N •. 
'owe, Coat~tlo. Gefttfal Plrpote Elplaslonproo( .andiN I 

tolllllCl At 

CllII" DC VA VA 
lM ..... uOtl Watts W.11s Ho .... ; lomb N; DC N:. DC 

F - 6.1 16 ~O 238210 - 238214 -
f 11.6 10.1 25 . 70 238610 238710 23861~ 238714 
f 16.8 15.4 27 160 !I9Z57 97617 !I9Z57 97617 
f - 17.1 40 93 238610 - 23861~ -
f - ZO ~3 2~0 99Z57 - !I9Z57 -
H 30.6 - - - - 74073 - 74073 

DIMENSIONS (In Inches, 

to.SI,. Rd. S. 5.1. I. t. n. 12. 1Ii. II. H. %1. n. U. n.lI CoasIr. Rol •• 2 

~+-_--:-~ - . I I 
~--'~--~.:.:.Jt=-J L . 1_ 
..-- .. --, "'. 'WI 

( 



,"1rII('4~IOHS (In InchMO) 

teftstr. RetL la. 14. 1S. 24. 26-36 

r:.n.d, I ------
R.l 
.0, H l P W 

~_,,. .,'" ..,..( rot! 
... U2 0»0..1' CQI,IIc I' :V'", 1 .... '-l~-

1''1" 

Z' ••• 2'1~ lJl/:Il 1"1", 

• :von, 2v, 3"1..11 2'1. 
1-" l',," 2V. 2111R 

-~ 7 ••• 2'~;- -3';;;:- 2'1. r-. .v. 27~M- -Ji,;- -.--2'1. 

r-" J>Io 2U/" l 2'1. 
la', ~ •. ~~ . ... - 2'1. 
11' . "" l"' • r-jilt» 2', 
12' ~ l" • Z"'. 
14# 6"1IP 31tr{" 5»<. lV. 
15' ""," lv, ''''' :V'IR 
II' ~ 31'/v • '3\' • 

f-ii' I .... • •• ."" 3\'. 
ZO' N. 5'i" ..,. 4''1" 

ZI' N. 5111 ..... sv • 
ZJ •. .", ZV. :IOn< 2'10 

f---~' 'Y. :v.... 4'/1& ZV. 

Z. • v. Z"I • l'''t" 2'10 
-ZI 6"hI' 3\'. .- 2 ..... 
-i7 "Iv "h ...... 5>1. 

Coastt, Rel39 -21 6t1m :YOlv ."'. 3-. - 1v:: 4~ 51/~ :!If~ -:-' "Iv , .. , ..... 4''1" :10 
Jl' , .. 3\'. , .... 3'1. 

1/2 HPT -iz' , .. 31.", , .... J .... 

:C' "" .... f>'I< 3-.... 
34, ""- 3\'. '"" 3v. 

r--Jii, 7'"" :11'4: 61V. 3 ... -a, - ... , ... :v... 
n ...... 2'01 • ".,. 2' .... 

• JI ...... 2'01 • 3'1. 2'11. 
all . .. Zv. ...... J ..... 

:: I 
" 

• 

.31 I 



Specifications 
Solenoid Enclo5urr:s: Valvc:s listed in this 
series have ~i(hcr Red·Hat metal solenoid 
enclosures or Red· Hat II molded epoxy 
solenoids. Red·Hat II valves are identified 
by the change letter "G" in their c;ltalog 
numbers. c.~. 821O~r4. and arc shown 
an red 

Standard Enclosul'"cs: 
Red·Hat - Type t General Purp()~c: 

Red·HaI 11-Tyfldi I. 2, ~. 'IS. 4 .00 
4X uJmolru.(iun Gcncrai Purpose 
and Watertight. 

Opcional Enclosures, 
Red·Hat - Typ<::i 3. 7 and 9 C .. ombin:ation 
ExplosionprooC and Rainlighr. To order. 
add prefix -Er (0 c:iltalog number. 
(Excep! Catalog Numb<ors 8210857. 
8210858 and 8210859)'" 
Red·HaI /1- Types 3. 'IS. 4. 4X. 6. 6p, 7 
and 9 Combination Explosionproof and 
\Vatertight. To ordcr. add prefiX "EF" to 
catalog number. 

~ Additional construCtions are available. 
"be Optional Electrical Features Section, 

SPECIFICATIONS 

page 11. cont2ins descriptions and 
ordering information (or: Open Frame 
Solenoids - Junction Box Enclosures 
- Panel Mount Constructions. 
Electrical: Stan<b.rd Voltages 
24. 120.240.480 vol!s. AC. 60 Hz 
(or 110. 220 vol!s. AC. 50 Hz) 
6.12.24.120.240 volts. DC 

Ocher volc3.Aes are avaib,bk when 
required. 
Coil: Continuous dut)' molded 03.SS F 
nr H. zs listed. 
Nominal Ambient Temperature 
Range" Rcd·H2! and Rcd·H2! II ValvcSlAC 
Construction: 3z-E to 125~ 
Red· Hat ValvcsIDC Construction: 32~ to 

Red·H2t II ValvesIDC Construccion~32°F. 
to lo4°E 
Refer to Engineering Section for details 

Valve Parts in Contact 
wlch Fluids, 
Body - Brass or Stainless Steel. as listed 
Seals and Discs - Buna "N" or Teflon-. 
as listed 

Disc Holdet' - Nylon. as listed 
Core Tub<o - 305 5.5. 

Core and Plugnut - 430F s..s 
Springs- 302 s.s. 
Sluding Coil - Copper (brass bod),), 
Silver (stainless steel body) 

Appi'O'VaLs: CSA ceTtiflc:d. 
UL listed as indicated. Rder Co 
Engineering $cction for details. 

Ordering Infonnalion: 
Important: We must have catalog number. 
voltage and Hertz., o(l('rating pr~uft:' 
2nd fluid handled. Use strainers With 
solenoid valves. 

·Uut''''''1 (AI cr-'c-mul. 

, .. lIdanl SoI ... 1d £ac:losures Will RItIogJ Red-Kal-Typ.l 
MaL ClultlCoII OpenUq Pr ....... OlftauUll (psi) Add Red-Kat I\-lJPeS 1.1.1.310.4 lad 0: -..... 

MaLI/; MaLOC TeftIjI."'. ..... Body U ..... , CII 
Coastr. -. l'1li' Orifice C, Rel Ret. 

StzI StzI Row AIt-lMrt lIttdOU Alr-lMrt lIttd au Cltalog 110. Ul eatalog 110. Ul 
( .... 1 ( ... ·1 fa ... MIa. '"' Wl!1« @JQOSSU '"' -@JQOSSU I/; DC -. 6) LIstiotI - 6) UoIIog I/; DC 

NORMAlLY CLOSED (Closed wften de energized). Buna "N"orTefkm«l SeatIng 
~ !H 1.5 Q) iSO 125 - 40 40 - 180 150 821007311> lP • 821OG36G) lP • 6.1A' 11.611' -I(, '10 3 0 ISO 150 - 40 40 - 180 ISO 8210093 50 0 - - - 10.lA' 11.611' 
I(, '10 3 5 200 ISO 135 125 100 100 180 ISO 821001 60 0 - - - 6.1A' 11.611' 
I(, '10 3 5 300 300 300 - - - 175 - 821006 50 0 - - - 17.lA' -
." 'hi 2.2 (j) ISO 125 - 40 40 - 180 ISO 8210015<» 2P • 821003711> 2P • 6.lA' 11.611' 
." '10 4 0 ISO ISO - 40 40 - 180 150 !21OG94 = G ~ - - -. 10.in: 1t.Wf 
." '10 4 0 ISO ISO 125 40 40 - 175 ISO - - - 8210087 7D • 17.1A' 11.611' 
." .... 4 5 200 ISO 135 125 100 100 180 ISO 821002 60 0 - - - 6.1A' 11.611' 
." '10 • 5 300 300 300 - - - 175 - 821007 SO 0 - - - 17.11f -
.... .... 5 0 ISO ISO 125 40 40 - 175 ISO - - - 8210088 7D • 17.11f 11.611' .... .... 5 5 125 125 125 100 90 75 180 ISO 821009 90 0 - - - 6.1A' 11.611' 
'I, 'I, 5 0 150 150 - 40 40 - 180 150 8210095 80 0 - - - 10.1A' 11.611' .... .... 6.5 5 250 150 100 125 125 125 180 ISO 821003 110 0 - - - 6.1A' 11.611' 
'I. 'I. 6 0 350 300 200 200 180 180 200 n 8210826100 lOP ® - - - 15.« 30.6111 
1 1 13 0 ISO 125 125 100 100 80 180 n 821Oas.O 310 II> 8210089 150 q) 15.« 30.6111 
I 1 13 5 ISO 150 100 125 125 125 180 ISO 821004 120 0 - - - 6.1A' 11.611' 
1 1 13.5 0 300 225 115 - - - 200 - 8210827 ,.P • - - - 2M -

l1f4 1'" 15 0 ISO 125 125 100 100 80 180 n 821OB55o 320 ® - - - 15.« 3O.Ml 
'W4 1'1. 15 5 ISO ISO 100 125 125 125 180 fSO 821008 160 0 6.1A' 11.611' 
'Iz 11/, 22.5 0 ISO 125 125 100 100 80 180 n 821OBS6o 330 ® - - - 15.« 3O.Ml 

1'k 1'N 22.5 5 ISO ISO 100 125 125 125 180 ISO 8210022 180 • - - - 6.lA' 11.611' 
2 1'1. Q 5 ISO 125 90 SO 50 SO 180 ISO 82100100 20P • - - - 6.1A' 11.611' 

2'h 1'1. ~ 5 ISO 125 90 SO SO SO 180 ISO 82100101 21P • - - - 6.1A' 11.611' 



:210 SERIES (conllnued) 

~P" -'''lCATlONS (continued) 
111001 ... SoI ___ 

OPCI'IUtIg Preucrrc OiflereftlUI (JlI) Mn. 
_ ... T"", 

WlltAlU",t 

I FIoI< lled-llal II-T,,.. I. 2. 3. ~ •• 1001 ox 
Qa, .. ' CoIl 

I Mil. At Max. DC T,,,,,,.Of. I .... Body $.l.'My ""atkt. 
~d!. tc=t!. ,.,. O<tl~ tv lJtIolOII LlPIOII lief. llet 

Ike Ike flow Alr-lacrt @3Il0 Alr-Cnert @:IOO tatll~ .... Ut Colllo9 .... Ut ..... , (los.1 Facto Mia. GI, W ... SSU GIs Water SSU At; OC Nambcr ® UslIIl1I Mwmttec ® lIstl", At; DC 

NORMALLY OPEN (Open when _nergized~ Buo. "W' Seetlng (Nylon Disc Holde~ except as noted) 

'I. '10 3 0 'SO ISO 125 125 125 80 180 ISO 8210033 230 • - - - 10.11f 11.611' 
'10 'II 3 5 2SO 200 200 2SO 200 200 180 180 821OOIl®® 390 • - - - 10.11f 11.611' 

'" Ii, • 0 ISO ISO 125 125 125 80 180 ISO 821003< 230 • - - - 10.11f 11.611' 
'h '1. 3 0 150 150 100 125 125 80 180 150 - - - 8210G30 370 . 10.11f 11.611' 
'h 'I. • 5 250 200 200 250 200 200 180 180 821OOI2®® 390 • 10 llf 11.61f 
'I, 'I. 5.5 0 150 150 125 125 125 80 180 150 8210G35 250 • - - - 10 llf l1.61f 
'I, Ii. 3 0 150 150 100 125 125 80 180 150 - - - 8210G38 380 . 10.11f 11.611' 
l{, 'I. 6.5 5 250 200 200 250 200 200 180 180 821OC13 240 • - - 15.41f 16M 
1 1 13 0 125 125 125 - - - 180 - 8210057®8 3<0 • - - - 201f -! I 13 S 150 150 125 125 125 125 180 160 821001-4 260 • - - - 15 .,'f lEi.a.1=" 

1'/<1 1'1. 15 0 125 125 125 - - - 180 - 8210058®8 350 • - - - 20If -1't. 1'1. 15 5 150 150 125 125 125 125 180 180 8210018 280 • - - - 1541f 16.8If 
l'h 1'/4 22.5 0 125 125 125 - 180 8210059(1)8 360 • - - 201f -
l'h 11/4 22.5 5 150 150 125 125 125 125 180 180 8210032 290 • - - - 15.41f 16.8If 
2 P/<I ,3 5 125 125 125 125 125 125 180 150 8210103 30P • - - - 15.41f 16.8If 

2'h 11(, ,5 5 125 125 125 125 125 125 180 150 8210104 27P • - - 15.'1f 16M 
Motu: (i) S PSI on ~r; t p$l on water ® ViMs .... 1\'aIlob .. with Explosionltrool_ • .., 

4ZI Valve proMed with letlon maio dl$C 
W ViM: iIlaudes i.iRem (G.f, t~O:.) ptston. 
® Letter "0" denotes DlaPtulgm constructIOn; "P" dtnotes Piston construchOn 
Ql UL WSle<llS General Purpose V .... 0fI At YOiUO' only. 

(!) on 50 Hertz 1eIVICO, \tie watt rating lOr \tie 6 l.f solenoid IS 6 1 ... tlS 
~ At:. tons1fUCtiOn atso has nylon SWI~ 
® No d1SC hOlder. 
• Stainless Steel disc holder 

_LECTRICAL INFORMATION 
o DC construction must N¥e scMenoid moun'~ ...ertlCl' and UPfltJttl 

PM, cwam;;Uo. 
-.. -.... -_ ... _ .... _. 

S1a""'nI General Purpose Eqllw.",ruol 
eoalnll At; 

tu..ot DC VA VA 
_km WIUt Watts IIokliaQ - At; DC At; OC 

f - 6.1 16 ~ 238210 - 238214 -
f 11.6 10.1 25 70 236610 238710 2386,. 238714 
f 16.8 15.4 27 160 99257 97617 99257 97617 
F - 17.1 ~ 93 238610 - 2386,. 
f - 20 43 240 99257 - 99257 
H 30,6 - - - - 7,073 7,073 

DIMENSIONS (In Inches) 

. '. -. : . 
_.lIeli.i. 7.1. t. 11.12.16.11.20. fl. 23. 25. 17.14 

.... :~. Rd.1. Z ~,,~:.::., .. " 

. - .". 

..... .... -

. ~ .... \-4. .... ~~~ ._ , 

, • ' .• 11;:;. ~ lorA.-; ........ 

I 
• 

I 



11210 SERIES (continued) 

toasu.RdS. to, '4, 1S,24,Zi-36 

I 

= 
........... r-'-

. -- - _.-l---'--- ........ \ 

toasu. Rel39 

, r"2 NPT 

. '/ J(l 
i T~ . I 

:l ..... L' . I . ..... . , 
~-_, .... _._... l.~ '. -.. -,'.- ' .. ' -.. ~ - -' 

• 

toasu. 
R<I. 
No. 

" 2' 

5 
6' 

7 

I 

t' 

n' 
'2' 
,4# 

,6' 

'I' 
20' 

21' 
Z3 

H L p w 
,"", 111/" 

1 "1M 

JZ' 6'" _ 5'" 3'1< 

llPORTNIT: -1111)' be _ k1 Illy posfllon. 
exx:ept .. 1IOIod • 
.,~~ bem!M...~!dth ~~!nd 

.• ~mensIoRs iuahaY iafoe;.4;~;;'",,:,·~~"'.1';"'~-·· '4'~'"' .• 

-.• - .. : •• "' ... ..,,~:'.~{ ........ -~, • -. !.,t\" ... " • 

. .. ,- •• ".~':>' :,..a.;.,: •. 11- ...... ~""';''''_ ...... ~ 

.., 



General Description 
These are stamhrd Red·Hat solenoid 
valves modified to extend the cycling 
life when handling dry air and gas by 
eliminating metal·to·metal contact. In 
addition, the internal AC hum and the 
metallic click heard when the 
solenoid is energized have been 
virtually eliminated 

All valves listed are suitable for both 
rapid cycling and continuous 
(:nergiz2tion. 

SPECIFICATIONS 

Specifications 
Solenoid Enclosures: Valves listed 
in this series use the Red·Hat metal 
solenoid (:nclosurc:. 

Standard Enclosures: 
Red·Hal- Type: I General Purpose 

Optional Enclosures: 
Red·Hat - Type: 7 (C and D) 
Exp!osionproof v.rhich :.!.so m~ts 
Types 3 and 9. To order, add prefix 
-EF" to catalog number. 

Additional constructions are available. 
The Optional Electrical F<:2tures 
Section, page 11, contains 
descriptions and ordering information 
for: Ope:n Frame Solenoids· Junction 
Box Enclosures· Pand Mount 
Constructions. 

Electrical: Standard Voltages: 
24, 120, 240, 480 volts, AC, 60 Hz 

Ope .. lIIIo_ ..... 
DII .. _I ""I RoIdTemp. 

PItre Drlflce tv ..... " 'f. 

SID: SID: flow AIt-ltoerl Iodr 
(kILl (kILl - 1IItt. "- " _I 

5 MIWON CYCLE CAPABIUTY 

NORMAlLY ClDSED (Closed when de-energlzed) 

1ft 1ft 3 5 125 140 Bross 
'h I(, ~ 5 125 140 Brass 
~, ~, U 5 125 140 Bross 
1 II(, 13 1 20 140 Aluminum 

1f(~ II(, 15 1 20 140 Aluminum 
l'h II(, 20 1 20 1~0 Aluminum 
2 2"';': 34 j iii 1.\0 Aiumenum 

NORMALLY OPEN (Open when de-energlzed) 

1ft I(, 3 5 125 1~0 Brass 
'h I(, ~ 5 125 1~ Brass 
~, ~, ~.5 5 125 1~0 Brass 
1 II(, 13 1 20 140 Aluminum 

11f4 II(, 15 1 20 1~0 Aluminum 
l'h II(, 20 1 20 1~ Aluminum 
2 ~ ~ 1 20 140 Aluminum 

20 MIWON CYCLE CAPABIUTY 

NORMALLY CLOSED (Closed when de-energlzed) 

'/0 V. .35 0 125 140 Bross 
'I, V. .35 0 125 1~ Bross 
'I, 'It: .85 0 50 I~O Brass 

NORMAU..Y OPEN (Open when de IP:fletgizecij 

'It 'III .09 0 125 140 Bross 
'It 'III .09 0 125 140 Bross 

_: (!) VA Ret ~ ......... InruslllIICI Holdtog: IWA 

Consul! local ASCO nics office (or 
DC VOltages. 

Coil: Continuous duty molded Class 
A diode coi I. 

Nominal Ambient T(:mperature 
Range: 32°" to 77"" (104°f 
occasionally). 
Refer to Engineering Section for details 

Ir..staIlation: For optimum Hf(:, the 
solenoid should be installed vertical 
and upright. 

Approvals: CSA certified. Ul listed 
General Purpose Valves-8262 Series 
only. Refer to Engineering Section for 
details. 

Ordering Information: 
Important· We must have catalog 
number, voltage and Hertz, oper.tting 
pressure and fluid handted. Use 
strainers with solenoid valves. 

Wall RatioGl 
Sla_SO_~r .. Clusllton 

~l",,1 -(!) 

CIlallll -, " 

8210010 13.41" 
8210020 13.41" 
8210090 13.41" 
8215950 13.41A 
821S96Q 13.41A 
8215970 13.41" 
8215980 13.41A 

8210C110 13.411. 
8210C120 13.41A 
8210C130 13.4IA 
8215990 13.41A 
82151000 13.411. 
82151010 13.411. 
82151020 13.41" . 

B262nO 13.41" 
B262C232O 13.411. 
B262B208O 13.41" 

B262C910 13.4IA 
12W~20 13.41A 



I 

I 
I 

\.. 

FRCX1 BROAD RIVER UAL 1,,£ TD p.e3 

MODEL MPT-100 
3 WAY STANDARD PORT BALL VALVE 800 WaG 

'~ =---___ t=:::-=----o-----l 
8-__ -..L 

i ~~~~~~~~~'~3====~~'~2 
• 
> 

C 

I 
2 

MODEL MPT ·'00 

W x 4 

DIMENSIONS: 

VALVE SIZES '/~" 
A ::.. " 
e 0.37 
C 2." 
0 6.2 
H 2.42 

4>.~ "#C~~r (Uli$j . -'.0 

-.c,.V{ '~4'1C (--... ) 50 

E 0." 
f" 0.21 

c 0.'}6 
K 0,04 ., 

p 1.G5 

Oue new hl.nd&e 
de$ign has po!Jition 

stop$ in 90"' increments 
(or \he fUll 360' 

r 

II 

1-£ 

::'/8" 1/2" 
.3. 1 1 .J.1 1 

0.37 0.47 
2.4 2.4 

6.2 6.2 
2.42 2.42 

• '.0 '.0 

eo 90 

0 .• 0.45 

0.21 0.29 .. 
0.36 O.~~_. 
0.47 047 

1.55 .• 1 55 . --."._-

BILL OF MATERIALS: 

HO. , 
2 
l 

• 
5 

6 

7 
e 
9 

'0 

" '2 
'3 ,. 
'4 

PART HAIAE OTY. W.T(RIA.L 

eooy 
, Cf"811 lYPE-l,6 

eND CAP J era" TYPE-316 

!!ALL 
, S5-3'6 
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, 
INSTALLATION AND 

MAINTENANCE INSTRUCTIONS I 
BULLETINS 

8210 
8211 

2·WAY INTERNAL PILOT OPERATED SOLENOID VALVES 
HUNG DIAPHRAGM - 3/8, t/2 AND 3/4 N.P.T. l'f!~'1 

NORMALLY CLOSED OPERATION Form No. V~25 

DESCRIPTION 

Bullet'n 8210', are 2· .... &y. normally dosed. mtemal pilot operated sole
noid valves. Valve body and bannet arc of brass construction. Standard 
valves have a General Purpose, NEMA Type 1 Solenoid Endosure. 

Bulletin 821 t·s are the same as Bulletin 8210', except the solenoids are 
equipped with an enclosure which is designed to meet NEMA Type oC 

Watertight. NEMA Type 7 (C or D) Hazardous Locations • Class I. Group C 
or D. and NEMA Type 9 (E. F or G) Hazardous Locations· Class 11. Group 
E. For G. The explosion-proo(!watertight solenoid enclosure is shown on 
• separate sheet of Installation and Maintenanec instructions. Form No. 
V·5J80. 

Bulletin 8210 and 821 I valves with sufrlJ, 'UW' in (he Cltalog n""'bet are 
5pecificaiiy designed {or hot water .avice. 

OPERATION 

NonnaUy Oosed: Valve is dosed when solenoid is de-energized and 
opens when solenoid is energi:r:ed. 

MANUAL OPERATOR (Optional) 

Valves with auffu: -MO' in Cl.ulog Dumber are provided with a manual 
operator which allows manual operation when desired or eluring an inter· 
ruption of electrical power. To operate valve manually. push in knurled 

.... Cl.p and rotate dockwise 180~ Disengage manual operator by rotating 
'-nurled cap counterdockwise 180° before operating electrically. 

MANUAL OPERA TOR LOCATION (Refer to Figure 3) 

Manual operator (when shipped &om factory) wUI be iocated over the 
valve outlet. Manual operator may be relocated. at 90° increments by ro
tatinc valve boanet. Remove boGaec Ia'eW'I (-0 aDd rotate Yalvc bonnet 
with solenoid to desired position. Replace boImet ICI'eWS H) &Del torque in 
a crisSttOSS manner to 110 ± 10 inch pounds. 

If valve is installed in system ... d is operatioaa1. pn><:eed in the following 
maaaer: . 

WAltNlNG. 0,,: abe n1ve ad tara -. electrical ,... npply. 
1. Remove retainiag cap or dip and slip the eatire lIOIeaoid eadosure off 

the solenoid bose ....... ssembly. CAUTION: When meW retaining dip 
diseng.ges. it will spring upwanh. 

2. 11_ boq~~ _ (4) ... d rotat. ~~ bo-'!D<I to desired position. 
3. Replace bonaet &cr"e'NS (4) ud torque ia ..... ~ manner to 110.± 

10 inch pounds. _ . '. 
.c. Rc:pl&ce solenoid endosure &lid reta.iniQg ~ip 'or cap. 

• 1-1 "J. ,t :,~ _ .. -

INSTALLATION: " 

Ched.: nameplate for correct catalog Dumber. pressure. voltage and 
service. 

TEMPERATURE LIMITATIONS 

for maximum valve ambient and auid temperatures refer to chart. The 
temperature limitations listed &fC for UL .pplications. for non UL 
• pplications, bigher ambient and fluid temperature limitations arc 

..• vaUabie. Consult factory. Qed catalog Dumber on nameplate to 
. etermiae maximum temperatures. 

...... ii.~euvii ..... nOiiii~1 ~u.~ • &-..... 

au. PrcO. Temp. -F. TCllllp. -F. 

A·C Construction A NoneorDA 77 180 
(Alternating Current) F DForFT 122 180 

H HT 140 180 
D·C Construction A.F None. IT 77 ISO (Direct Current) orH orHT 

CataIo, N .... be .. A Noneor 77 210 
Sllftlz:ed 'HW' n ... 

A·C Construdton F DForfT 77 210 
I (AltcmatlGg Current) I H HT 122 210 

POSITIONINGIMOUNTING 

Valve may be mounted in any posit~on. For mounting bracket (optiona' 
feature) dimensions. refer to Figure 1. 

PIPING 

Conaect piping to valve .Ccordiag to markings cm valve body. Apply pipe 
compound sparingly to male pipe threads only; If applied to valve threads. 
it may enter the valve and causeoperadonal difficulty. Pipe strala. should 
be .voided by proper ... pport .nd alignment of piping. When tightening 
the pipe do not ule valve as a lever. Wrenches .pplicd to valve body or 
piping .arc to be located as dose as possible to connection point. 
IMPORTANT. VaI_ with oaIIb: 'IIW' III doe ..uIoe ........... ft • 
• pedaI dlapluagm oaaIedaI w\dch .. opedfIc:aJly _ .......... lor bot 
.. ater _. TbIa oaaIedaI caa be oUadIed by o(l ... d __ WIpe Ibe 
pipe tbft&do deaa of ...uIq ......... _ tefioll tape to ... pipe JoIata. 

IMPORTANT. F .. doe pt'OCe<CIoa.f doe ...... id ... vc. bUtOn • -.. 
. or mte< oaItabie for doe .......,. _ 1a1be IaIet IIde .. dooe to the 
wJve ac pcMCIbIc~ PedocUc c:laaIaa: " reqtdrecI dC,I 1 1n& _ Cbe ecnIce 
__ • See IIdcCIu 1600. 1601 ..... -1602 lor __ 

WIRING 

WiriDe mUll comply with Local ... d NatioaaJ Elec:triA:aI Codes. Housings 
for all soI_ Ite JI"O'Ided with ...... _ for llllDch _cJult. Th. 
general purpose soIeooId"'-'" may be rotated to facilitate w\riag by 
I'OI'IIOVing lb. retaining cap or dip. CAUTION: When lIleW mainlDg dip 
diseng.ges It will spring upwards. 1«01. to desired positioII. Replace 
retaining cap or dip bel ... operating. 

.' NOTEIAf":"k'n.c.rnat(A.QMclIMndc.m.t'(D..c)S! 't, aft 

bodlt.atl .... fly. to __ r.-_toClooeflseoo,ItIo_'" ....... 
doe~_lIIdadlqdoe __ ""'" ""-OIl'" -"'J'.' "<. " • ' • 

SOLENOID TEMPERATURE 

Standard catalog valves Ite ... pplied with ooiIs deslgaed for _tlnuous 
duty service. When the solenoid is energized for .Ion& period. the sol.,. 
noid endo .. ", beoomes hot ... d can be toaebed with the h ..... for oat, ... 
instant. This is • saf. operating tempera"''''' Any ... _ heating will 
be indicated by the smote ... d odor of burning con insulatioo. 

MAINTENANCE 

WARNING: T"", .n eIec:trIc:aI pawer ..... dep .... arise ......, bel .... 
lIlaldnc repaIn. It Ie Mt aeeeuazy to _ ......, r.- pipe _ lor 
repaln • 

ASCC Valves 
:::F"~":::..::No.::..:V~.p~25~ __ ~PR~I!!m!:.!E:!:D~IN~U~.s~A=--2'8~75! Automatic Swtttlt Co. 

FLORHAM PARK.. NEW JERSEY 0l'832 

C9A. » SdDCo. ..... i&U. .... ~ 



CLEANING 

A pcriocIic deanina of a11lOleaoid \"alves is desirable. The time between 
deaaiags wUl vary. depending on media and service conditions_ In Ben~ 
erat. If the ¥GluBe to the coD is COfTCC't. sluggish valve operation. aces
.. ve leakage or noise will indicate that duning is requited. 

REVENTtVE MAJNTENA_p'!CE 

J. Keep the medium flowiag tht'OUgh the valve &s free from dirt and 
foreign material as possible. 

2. While in service, operate valve at least once .. month to insure proper 
opcniag and. dosing. 

3. Periodic inspection (depcadiog on mcdLl. and service collditioa.s) of in. 
temai vaive pans for damage or excessive wear is recommended. Tnor
oU81y dean .U parts. Replace any parts that arc wom or damaged. 

IMPRoPER OPERATION 

1. Faalty Coatrol 0reaIt.: Check electrical system by energizing solenoi4. 
A metallic dick signifies the solenoid is operating. Absence of the did 
indicates loss of power supply. Ched: for loose or blown..out fuSC$. open 
circuited or grounded coil, broken lead wires or splice connections. 

2. Blll'lled·Ollt CoOl Check for open circuited coil. Replace coil if neces
sa<y. 

3. Low Voltq:c1 Check voltage across coillcads. VOltage must be at least 
851f. of nameplate rating. 

... IaC!Ocnct Pre..:arel Occt vaJve pressure. Pressure to (he valve must 
be within range specified on nameplate. 

S. Ezeealve Lea.k.q:et Disuscmble valve and dean an parts. Replace 
wom otdamaged parts with a cocaplete Spare Parts: Kit for best results. 

COIL REPLACEMENT (Refe'to Figure 21 

T ...... If.1ectrlcoI po".r .apply ODd dlaeoaaect eon Ieodo. Pzoceod III !be 
foUowlD& _en 

1. Remove retaining cap or dip. nameplate aDd cover. CAUTION: When 
metal retaining dip diseng.g ... it will spring upwards. 

2. Remove 'pring washer. insulating washer and coD. lDnlating wa.shers 
are omitted when a molded. coD is used. 

3. Reassemble in reverse order of disassembly paying careful attention to 
a:ploded riew prorided for icI<1lIific:alioa and pia""", ... , of pam. 

AmON. Saleaold moot be faIIt _bled ...... IoouIac OIId .... 
...... parta .... putofoad_plele!be __ eIreaIt..s- .... aJatID& 

......... 1 ...& ... d .f eon If -.-. 

VALVE DISASSEMBLY (Refer to Flgu .... 2 .nd 31 

: .... Dep. _ ..I .. .;.d I1ma .If ~ po ...... ~, Pzoceod III !be 
IoIIowtq .............. , • ., ., . 

• • 

VALVE REASSEMBLY 

1. Reassemble in revcne OI"der of disassembly paying c:arefulaUCfttion to 
"plodcd views provided for kicntif1C&tion and placement of parts. 

2. Repl.ce body pst .. and coreIdiaphr.rm sub-assembly. Locat. the 
bleed hole in CCKCIdiaphragm su~assembly approxim.ately 045- from _ 
the valve outlet. ,.- '" 

3_ Replace core 5Prinr with Wide end in core first; dosed end protrude j 
from top of cOre. ~ . 

... ]f removed. replace manual operator Item. Item sprial. Item gasket 
and stem pin. 

S. Replace valve bonnet and bonnet ,crew, (04). Torque bonnet IC!'CWS (04) 
in a crisscross manner to 110 ± ]0 tach pounds. 

6. Replace bonnet sasket and solenoid base sub-assembly. Put solenoid 
base sub-assembiy to i 7S ± 2S inch pound~. 

7. Replace solenoid enclosure and f'etaining cap or dip. 
8. After maintenance. operate the valve a few ti.m~s; to b~ sure of propet 

opening and dosing. 

SPARE PARTS KITS 

Spare Parts Kits and Coils are available for ASCO valves. 
Parts marked with an asterisk-(e) are supplied in Spare Parts Kits. 

Flavel . 

ORDERING INFORMATION 
FOR Cl'ARE PARTS KITS 

When Ordering SpIre Pam Kit. or Coli. 
SpIcIly v .... Catalog Number, 

Sorial Nu_ .nd Voltage. 

PARTIAL VIEW OF 
MOUNTING BRACKET 

(OPTIONAL) 

,'" 0" 

L.,,;.;...----.;...--,.:;;.;......;:.':l"!::i. -::. ... /(."TI':). ( 

J:Jnn"d "J.Jl;';:'~. 
."'-"!l{PG" ,..-. ." . 

-"l· .: .;'""' I ':on:J!I(,~ :rJL.lq:.t= .'-L-@7:n ., , ... 
.281 DIA. 
2 MOUNTING 

[mnfl 
I4-INCHES~ 

t 
~ 
I 

f 
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TOROUE SOLENOID BASE 
SUB·ASSEMBLYTO 

175!: 25 INCH POUNDS 

~~~ _______ Re'T~,!N'!NGCAP~ 

~ETAINING CLlP* 

~~ ____ ~SPR:INGWASHER 

)-----IN!;Ul.ATING WASHER 
(SEE NOTE) 

}----COIL 

NGWASHER 
(SEE NOTE) 

PARTS INCLUDED IN 
SPARE PARTS KITS * 

TOROUE BONNET SCREWS (4) 
IN A CRISSCROSS MANNER TO 

110 ±1O INCH POUNDS. 

'ii--BIONr~ETSCREWS (4) 

SOLENOID BA!;E---~'.:'l 
SUB·ASSEMBLY 

~--l\llOlllN'nNG BRACKET 
TWO POSITIONS' 

(OPTIONAL) 

BON N ET G~,KE:T -'''---(I) ....... 

LOCATE BLEED HOLE IN 
COREfDIAPHRAGM SUB

ASSEMBLY APPROXIMATELY 
450 FROM VALVE OUTLET 

,. 
~--V,AL"E B-,~N!jET 

t-----ICO~IESPRING* 
(WIDE END IN CORE FIRST,CLOSED END 

·PROTRUDES FROM TOP OF CORE) 

~~~~~----\/A~:~BODY 
I.... NOTE: INSULATING WASHERS (2) ARE OMITTED 

WHEN A MOLDED COIL IS USED. 

Flpn:2. 

BtdIedIl8110 -3/S, 112" 314 HoP .T. - AoC c:..a.a..tIoa Geaenl_ooIcDoId _____ 

Ferup .... ...,....uwaierCfalat MIcaoW eacla.8 eaecl_ BaDecla1211, He Fera No.. V-53&O. 



TORQUE SOLENOID BASE 
SUB . ASSEMBLY TO 

175:t 25 INCH POUNDS 

PARTS iNCLUDED iN 
SPARE PARTS KITS * 

'-...;;[fl'r"---RETAiNiNG CAP* 

~RETAINING CLIP* 

,"'-. ---" ~~-SOLEINOID ENCLOSURE 

SOLENOID BASE---i""i TORQUE BONNET SCREWS (4) 
IN A CRISSCROSS MANNER TO 

i iO ± iO iNCH FOUNDS. SUB·ASSEMBLY 

BONNETGASKE~~--<~ 9-llmmE:T SCREWS (4) 

VALVEBONN~'T--~~~ ,,,.,,,, GASKET * 
-,,,.,,,, SPRING* 

STEM 
...... ~AMIUII,L OPERATOR STEM 

CORESPRINC;~---i 
(SEE NOTE) 

LOCATE BLEED HOLE IN 
CORE/DIAPHRAGM SUB· 

ASSEMBLY APPROX(MATEL Y 
450 FROM VALVE OUTLET 

1I----CC1RE/DIAPHRAGM 
SUB-ASSEMBLY* 

~-BLEED HOLE 

r-ilO[)Y GASKET * 
"'1:::::::::!:::=:? 

, 
• :;. .... t., . 

* ... 
! .... 

~ __ .~OTIE:· WIDE END OF CORE SPR(NG IN 
CO FIRST. CLOSED END PROTRUDES 
FROM TOP OF CORE. 

B ..... 008210- MaaaalOpen<o. 
a-enJparpooeooleaold_IIbo"". 

",,""3.. F ... ., ....... -prooUwotet1Jehtooleaold_ue<l ... BaIleOa82I1 .... F • ...,N •• V-5380. 

----------~~--~--------~======~~------~ .. 
.. 
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Attachment C 

Pump Testing and Modeling 



C.I INTRODUCTION 

One of the remedial alternatives to be investigated during the treatability study is the extraction 

and re-injection of groundwater. Data required for such an effort include appropriate spacing and 

sizing of the extraction and re-injection system, including wells, piping, pumps, etc. Typically 

this data is provided by a knowledge of site conditions (contamination distribution, hydrogeology, 

etc.) and a simulation of the remedial system operating within these conditions. Simulating such 

a system requires development of a conceptual model of the hydrogeology and a quantification of 

input parameters such as storativity and hydraulic conductivity. In order to provide data for 

conceptual model development, first estimates of aquifer characteristics for the simulation, and 

to preliminarily gauge aquifer response to pumping stresses, an aquifer characterization test was 

performed specific to SWMU 166. The characterization test was designed in several phases, each 

with a specific purpose, as listed below: 

• Phase 1: Ambient condition monitoring - intended to identify and quantify ambient trends 

andlor effects in the aquifer system; 

• Phase 2: Step drawdown testing - intended to provide a first measure of well performance 

and aquifer response for subsequent constant-rate pumping testing. The ultimate goal of 

this phase is to determine the maximum withdrawal rate that the pumping test system can 

sustain for a significant period of time. 

• Phase 3: Constant-rate pumping test - intended to quantify initial aquifer response curves 

during pumping, and to monitor the aquifer once stabilization occurs. Analyses of the data 

yields estimates of storativity and hydraulic conductivity. 

• Phase 4: Recovery monitoring - intended to quantify the aquifer response following pump 

shut-down. Analyses of the data yields estimates of storativity and hydraulic conductivity. 

The following sections outline the methodologies and results of the aquifer characterization test. 

Col 



C.2 AQUIFER CHARACTERIZATION TEST 

After an initial round of water levels were collected, the pump, transducers, data loggers, rain 

gauge, and any other necessary equipment were installed and set up. Next, operation of the pump 

and data loggers was tested, the data loggers were programmed, and transducers and water level 

indicators were calibrated. 

C.2.l Monitoring Equipment and Observation Wells 

To improve measurement accuracy and reduce manpower requirements, water levels in the 

pumping well and six nearby observation wells were measured using pressure transducers and 

automatic data loggers. Clocks on the data loggers were synchronized with each other before 

testing began. Water levels in most of the other site wells were monitored intermittently by hand. 

Observation wells monitored with data loggers: 

PW-l (pumping well) P-Ol P-02 

09D lOD 14D 16D 

The effects of barometric pressure change on the aquifer were investigated during each phase of 

the test. Pressure changes were monitored with a barometric pressure transducer connected to a 

data logger. 

C.2.2 Phase I, Ambient Condition Monitoring 

Ambient monitoring parameters including barometric pressure and static water level changes were 

monitored for 43 hours prior to the first test and during each phase of testing. Ambient 

monitoring was conducted to identify rising or falling water level trends in the aquifer and the 

influence of any nearby pumping wells. Barometric pressure was also monitored continuously 

during the ambient phases of the test to identify any potential relationships between it and water 

levels. 

Because of their distance from the pumping well, outlying hand-monitored wells were considered 

ambient monitoring points. Therefore, the ambient behavior of the aquifer was monitored 

C·2 



throughout the entire testing period. Ambient monitoring did not reveal any operating production 

wells near the site. The monitoring did indicate a subtle but steady drop in water levels 

throughout most of the testing period that reversed after heavy rains came during the second 

constant rate test. Water levels dropped an average of 0.07 feet until infiltrating water from the 

2.93-inch rain caused an average 1.I3-foot water level rise in the distant deep wells. 

C.2.3 Phase 2, Step Drawdown Testing 

Step drawdown testing involves pumping a well at increasingly greater discharge rates (steps) 

while monitoring drawdown in the well. By comparing each discharge rate with the corresponding 

drawdown, the optimum pumping rate for the tested well can be estimated. 

A step drawdown test on PW-l was started at 1445 on January 20, 1999 with a flow rate of 

approximately 0.5 gallons per minute (gpm). Drawdown in the pumping well was monitored 

during the test to determine when the next step could begin. After 60 minutes the drawdown 

stabilized at 3.19 feet and the flow rate was stepped up. The rate for the second step was 

0.65 gpm and the water level stabilized after 30 minutes with 4.68 feet of drawdown. 

Additionally, during development, PW -I was pumped at approximately 1. 75 gpm for 30 minutes 

and the drawdown was 13.79 feet. Before the second constant rate test was conducted, a single 

step test was conducted on the well to determine it's response to a higher pumping rate of 2 gpm. 

At 60 minutes, the water level stabilized with 14.7 feet of drawdown. 

Groundwater from the pumping well was routed through two 5-foot long, 12-inch diameter 

activated carbon tanks and then to the sanitary sewer. Influent and effluent samples were collected 

and analyzed for VOC concentrations on approximately 24 hour intervals during pumping periods. 

C.2.4 Phase 3, Constant-Rate Aquifer Test 

As the name implies, a constant-rate pumping test involves pumping a well at a constant discharge 

rate while simultaneously recording water levels in pumping and observation wells and the time 
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elapsed from the start of pumping. The water level/elapsed-time measurements are used to 

estimate aquifer characteristics (hydraulic conductivity, storativity, etc.) 

Two constant-rate pumping tests were conducted on PW-l at different pumping rates. Test 1 

started at 1200 on January 21, 1999 and ran for 18.57 hours until the pump overheated and 

stopped. The pumping rate for this test was 1 gpm. 

Because Test 1 was prematurely terminated and greater stressing of the aquifer was desired, a 

second constant-rate test was conducted. Test 2 started at 0900 on January 23 at a pumping rate 

of 1.71 gpm. This test lasted for 51.67 hours, however; the heavy rains masked and eliminated 

the drawdown in most of the observation wells approximately 10 hours into the test and throughout 

the rest of the test. 

C.2.S Phase 4, Recovery Monitoring 

Recovery tests involve monitoring the rise of water levels back to static conditions after pumping 

has stopped. RecOVeiing water levels are recorded wit.'! L1e time elapsed after pump shutoff and 

the relationships between pumping rate, pumping duration, and recovery time are used to estimate 

aquifer characteristics. Generally, recovery data provide a means to double-check the results 

obtained during the constant-rate test. 

Because Test 1 was prematurely tenninated, little early-time recovery data could be collected. The 

rain event during Test 2 adversely altered the recovery rate of wells still showing drawdown. 

Therefore, the recovery data from both tests were deemed unusable and no recovery analysis was 

conducted. 

After testing, the transducers were removed and decontaminated. The data loggers were taken to 

the office and the data was downloaded to a PC. 
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C.2.6 Equipment Decontamination 

To prevent cross-contamination, water level indicators, pressure transducers, and other equipment 

that came in contact with contaminated groundwater was decontaminated before and after each use. 

Decontamination Steps: 

1. Equipment was rinsed with deionized water. 

2. Equipment was rinsed with isopropyl alcohol. 

3. Equipment was rinsed with deionized water. 

C.3 DATA MANAGEMENT AND MANIPULATION 

Once in the computer, data were loaded into a spreadsheet program for manipulation and 

graphing. Before the data can be analyzed, drawdown corrections must be evaluated. 

C.3.1 Drawdown Corrections 

A rainfall event occurred about 24 hours into the test, but drawdown data collected after the rain 

event was not needed to estimate transmissivity and conductivity. Drawdown data prior to the rain 

event were evaluated for correlation with barometric pressure and ambient water level trends. 

Both these parameters were determined to have a negligible effect on water levels. Therefore, 

drawdown corrections for barometric pressure changes or ambient water level trends were not 

required or conducted. 

C.3.2 Data Reduction and Compilation 

Data from the pumping tests were compiled using the computer program Aquifer Test Solver 

(AQTESOLV) for Windows by HydroSOLVE, Inc. (1998). AQTESOLV has several widely 

published and accepted analytical solutions for many different kinds of aquifer tests. Specifically, 

a drawdown model associated with leaky confined aquifers was used to estimate aquifer 

characteristics. A localized clay unit in the study area acted as a semi-confining unit during the 

pumping test. 

C-5 



Pumping Test Results 

Data from the constant-rate tests were entered in AQTE50L V and plotted using a leaky confined 

solution developed by Hantush and Jacob (1955). This method uses time (elapsed) plotted against 

displacement (drawdown) on logarithmic graph paper to calculate aquifer transmissivity (T) and 

storativity (5). 

Table C-l presents the transmissivity (T), hydraulic conductivity (K) and storativity (5) results of 

both constant-rate tests. 

Observation 
Well 

P-Ol 

P-02 

14D 

09D 

16D 

T (fe/min) 

0.008 

0.012 

0.32 

0.12 

0.23 

Table C-l 
Constant-Rate Test Resnlts 

Test 1 

K (ftlda ) S (unitless) T (fe/min) 

1.44 ,0.0021 0.0052 

2.16 0.0008 0.0092 

'-'''''"57 '6 - ~ c:;:~, " , _ '0.001 0.17 

21.6 0.0002 0.1 

. ';,<l:1.4 0.0014 0.15 

Test 2 

K (ftlda ) S (unitless) 

0.936 ',9.0019 , 

1.656 0.0008 

30.6 : ';0.001 
~; ;0"'- , 

18 0.0003 

·27·· ',0.0011 . 
Geometric 

Mean 
Both tests combined: T = 0.05 ftl/min K = 9.05 ft/day S = 0.0009 

Notes: 

T = K*b; where b = 8 feet at this site. 

Because these aquifer parameters are lognormally distributed, the geometric mean is the best 

measure of central tendency. Therefore, the average for the site is presented as the geometric 

mean of all five wells and the two tests combined. 

During both constant-rate tests, only the five transducer-monitored observation wells of Table C-l 

exhibited drawdown levels sufficient for analysis. However, all the transducer-monitored wells 

and hand-monitored wells 06D and 07D were influenced by pumping. This indicates a radius of 

influence of at least 246 feet; the distance between PW -1 and 06D. 
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C.4 GROUNDWATER MODELING OF TREATABILITY TEST AREA 

A groundwater modeling effort was conducted to support the execution of a treatability study at 

SWMU 166. The study is addressing enhanced bioremediation, and requires that affected 

groundwater be extracted from the vicinity of the bordering sewer line and re-injected in the 

surficial aquifer upgradient of the extraction points. Siting of the extraction and injection points, 

as well as determining predicted extraction and recharge rates, were the goal of this modeling 

effort. A time frame of six months was specified as the treatability study performance period. 

Due to the simplistic nature of the aquifer and the anticipated remedial actions, an analytical 

solution was used for the modeling. Figures C-l and C-2 display the study area layout relative 

to significant site features. 

C.4.1 CONCEPTUAL MODEL 

The surficial aquifer at SWMU 166 is comprised of a mosaic of fluvial and shallow marine 

deposits containing mostly sands with minimal amounts of clays and silts. The modeling effort 

treated the aquifer as a single isotropic and homogenous layer, within which the groundwater is 

unconfined. The analytical solution aSSUllleS steady state conditions, and is based on an established 

piezometric surface. Transient effects features such as recharge boundaries, drains, and no-flow 

boundaries were not considered in the conceptual model. 

C.4.2 DATA COMPILATION 

The analytical solution requires the input of transmissivity, storativity and aquifer thickness. A 

review of boring and well logs indicated that the saturated thickness of the aquifer in the proposed 

treatability study area is approximately 25 feet. Values of horizontal conductivities and storativity 

were estimated from pumping tests performed about 100 feet north of the treatability area where 

aquifer thickness was only about 8 feet. However, the aquifer test and treatability study water 

producing zones appears to contain similar soils. Table C-2 provides a compilation of the resultant 

values for T and S from Test I analyses (extraction at 1 gpm) and Table C-3 provides a 

compilation of Test 2 analyses (extraction at I. 7 gpm). 
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Table C-2 - Test 1 Results 

Wen Transmissivity (ft sgim) 

PW-l 3.234E-3 

PO-I 8.009E-3 

PO-2 1.172E-2 

14D 3.199E-l 

16D 2.265E-I 

9D 1.218E-I 

Table C-3 - Test Results 

Wen Transmissivity (ft sq/m) 

PW-l 3. 128E-3 

PO-l 5.187E-3 

PO-2 9.214E-3 

14D 1.741E-l 

9D 1.03JE-l 

16D 1.472E-l 

:':-".--

Storativity 

;1343 

.002052 

.0008032 

9.55E-4 

1.408E-3 

1.871E-4 

Storativity 

.1061 

.001852 

7.588E-4 

9.936E-4 

2.661E-4 

1.1 44E-3 

The data were geometrically averaged with no bias for initial model input. The geometric mean 

of Twas 458 gpd/ft, and for storativity was 2.572E-3. 

C.4.3 MODELING 

The code used for hydraulic calculations was CAPZONE, a commercially available platform. 

Particle tracking and capture zone analysis was performed using GWPATH, a commercially 

available numerical tracking program. This combination of models was chosen specifically 

because of the ease of importing the site-specific piezometric configuration. By allowing 

importation of the static piezometric surface as the basis for the flow model. and then allowing 

drawdown stresses to be directly superimposed on this piezometric configuration, hydraulic 

interferences (such as those between extraction and injection wells) can be realistically portrayed. 

The resulting flow fieid can then be directiy imported into the particie tracking program as a 
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hydraulic head file, and the tracking within the modeled flow regime inherently accounts for the 

hydraulic interferences. Modeling within CAPZONE entails the following sequence: 

a) grid the static site piezometric surface (75 node limit); 

b) calculate drawdown induced by pumping within a congruent grid configuration as a); 

(drawdowns were calculated using the Theis flow equation for the same time period as the 

pumping test Test 2); 

c) superimpose calculated drawdowns on the site piezometric surface. 

SURFER was used as the gridding code. Table C-4 provides the grid specifics used for the model 

domain. 

Table C-4 - Grid Specifics 

Origin (x,y) 

Number of nodes (x,y) 

Spacing in feet (x,y) 

2300090, 387767 

54,51 

20, 19.96 

A semi-quantitative calibration procedure was employed in which T and S were altered within step 

b) to match actual drawdowns measured in PO-l and PO-2 during Test 2. Final agreement with 

drawdown) was within -9% for PO-l and +8.5% for PO-2 using calibrated T and S values of 

458 gpd/ft and .009 respectively. Additionally, using these values ofT and S to predict drawdown 

and compare to measured drawdown, well efficiency for PW-lwas determined to be aboUl60%. 

GWPATH imported the superimposed drawdown file from CAPZONE. Forward particle tracking 

from the injection wells, and reverse tracking from the extraction wells, was run for a period of 

6 months. Figure C-3 shows the GWPATH output. 
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Analysis: 

Approximately 50% of injected groundwater will be re-captured within 6 months by the recovery 

wells. The remaining 50% will either skirt the anticipated six-month capture zone of the 

extraction wells or travel on the upgradient side of the upcone re-injection surface. This 50 % can 

likely be captured using a longer time period of performance. 

C.4 REFERENCES 

Hantush, M.S. and C.E. Jacob, (1955). Non-steady radial flow in an infinite leaky aquifer: Am. 

Geophys. Union Trans., vol. 36, pp. 95-100. 

HydroSOLVE, Inc. (1998). AQTESOLVjor Windows Version 2. 12-Projessional. 
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Attachment D 

Groundwater Effectiveness Sampling and Monitoring Plan 



EFFECTIVENESS PLAN MONITORING AND SAMPLING 

Treatability system monitoring and sampling will be performed to measure or estimate th<.: 

effectiveness of the treatment technology and develop scale up factors for the design and cost of 

full-scale remediation. Monitoring will include analytical sampling and field monitoring. 

D.1 Groundwater Analytical Sampling 

D .1.1. Baseline Analytical Sampling 

Groundwater samples will be collected before the treatability study begins to obtain baseline 

chemical and biochemical data in the study area. Samples will be analyzed for several parameters 

listed in Table D.1. Samples will be collected from the extraction wells, re-injection wells. 

treatability study monitoring wells. as well as existing monitoring wells located within the area 

of influence of the treatability study. In addition to measuring the contaminants of concern 

(chlorinated solvents) and biochemical parameters. the samples will also be tested for metals. 

Metals analysis is required to examine how geochemical changes in the groundwater resulting 

from the treatability study effects metal species distribution and precipitative effects, if any. 

D.1.2 Periodic Groundwater Sampling 

Groundwater samples will also be collected monthly during treatability study operation. This 

sampling will be used to track the decrease and changes in chlorinated solvent contamination and 

daughter product formation and destruction. and assist in calculating the nutrient supplementation 

required during the treatability study. 

D.2 Groundwater Field Monitoring 

D.2.1. Geochenlicall'"fonitoring 

Groundwater wells in the vicinity of the test area will be monitored on a weekly basis for 

geochemical parameters. These geochemical parameters such as dissolved oxygen (DO) and 

oxidation-reduction (redox potential) will be used in the operation and optimization of the system. 

and to assess the geochemical response of the treatability study in the evaluation process. Field 

geochemical evaluation will supplement the analytical sampling data and will be used for full-scale 

design. Table D.2 lists the wells and the parameters analyzed for geochemical monitoring. 
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Analyte 

Volatile Organic 
. Compounds (VOCs) 

Metals 

Biochemicai 
Parameters 
Total Kjeldahl Nitrogen 
(TKN) 

Anunonia-nitrogen 

Total Phosphorus 

Orthophosphate 

Nitrate-nitrogen 
-" i-~~, 

'"Total.Qrganic Carbon 

:,(TOC>;';.· ,., .• " 

Chloride 

TohlHeterotrophic 
CoUniS': 

Carbon Dioxide (CO,) 

Table D.I 
Baseline and Monthly Groundwater Sampling Protocol 

Analytical Method 
""',,1';"_ 

SW8260 

Method 601017000 

351.1 - 351.4 

350,1 

365.4 

365.2 , 365.3 
.". - .' 

Wells to be Sampled 

""Exm:ction wells (2) 
",Re-iDje§iion Wells (4) 

TS Monitoring Wells (4) 
Monitoring Wells (4) MWIOD. 
lID, 14D, and 16D 

Extraction wells (2) 
Re-mjectlon Wells (4) 
TS Monitonng Wells (4) 
Monitoring Wells (4) MWIOD, 
lID, l4D, and l6D 

Extraction weils (2) 
TS Monitoring Wells (4) 
Monitoring Wells (4) MWIOD, 
liD, 14D, and l6D 

Purpose/Remarks 
'.-- ,'-". y':~' '·-: .• 1Fi"{~"-,~ :::; ." 

. The purpose'of VOC samplipg is to, . 
. obtain'starting'ooDeenifl,tioris,'and':, 

track decieiseS:in:coiitilhiinant" .': 
concenu;,tions, <luring the TS: 

To examine clogging or 
solubilization effects on metals such 
as iron and manganese as a result of 
the created anaerobic-aerobic zone. 

Nitrogen. phosphorus and carbon 
measurements are requireO to 

. estimate'the amount and frequenc), , 
of nutrient supplementation required 
to optimize nticrobial activity. 
Chlorides area.good indicator ' 
parameter used',to estimate the . 
quantity of chlorinated solvents that 
have been 'degraded during !heTS. 

- ",':-"-" 

, ' ,

,'" 

Table D.2 
Field Groundwater Geochemical Sampling Protocol 

(C02) Meter calibrated prior to 
use as per manufacturer's 
instructions 

Extraction wells (2) 
Re-injection Wells (4) 
TS Monitoring Wells (4) 
Monitoring Wells (4) MWIOD, 
lID, l4D, and 16D 

Weekly 
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Analyte 

pH 

Oxidation-reduction 
potential (ORP) 

Table D.2 
Field Groundwater Geochemical Sampling Protocol 

Analytical Method 

Orion p~ Meter or equivalent 
calibrated prior to use as per 
manufacturer's instructions . 

Orion 250A ORP meter or 
equivalent calibrated prior to use 
as per manufacturer's instructions 

Wells to be Sampled 

Extraction wells (2) 
'Re·injection Wells (4) 

'TS Monitoring Wells (4) 
Monitoring Wells (4) MWlOO, 
lID, 140, and 160 

Extraction wells (2) 
Re-injection Wells (4) 
TS Monitoring Wells (4) 
Monitoring Wells (4) MWlOO. 
lID. 140. and 160 

D.2.2 Hydrogeological Monitoring 

Sampling Frequency 

Weekly' 

Weekly 

Water levels will be measured prior to, during, and after the treatability study to assess the 

hydrogeologic effects of extraction and re-injection of groundwater in the study area. Water levels 

will be measured in monitoring wells (MWs) 6D, 7D, 8D, 9D, 1OD, lID, 13D, 14D, lSD, 16D, 

17D, 24 D, and 25D and the 4 new treatability study wells. 

D.2.3. Field Equipment Monitoring 

Blower 

Blower operating parameters - air flow, pressure, and temperature - will be measured and recorded 

on field data sheets on a weekly basis. Adjustments to system flow will be made by the engineer 

based on these measurements. 

Chemical Feed System 

The metering pumps at the chemical feed tanks will be monitored weekly and readings recorded 

on field data sheets, The pumps will be adjusted by the field engineer iflarger or smaller amounts 

of chemicals (carbon and/or nutrients) or flow rates are required based on groundwater field and 

analytical sampling results. Monthly groundwater sampling and analysis for total organic carbon 

(TOC), nitrogen, and phosphorus will be used to determine the need for modification in chemical 

addition. Generally, the ideal ratio of organic carbon (TOe): nitrogen: phosphorus is 100:5: 1. 

If groundwater sampling results show that there is significant departure from this recommended 
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optimal ratio, chemical feed amounts of carbon and nitrogen will be modified to maintain this 

ratio. Groundwater extraction and re-injection rates will also be measured or estimated and 

readings recorded. 

D.3 Groundwater Analytical Sampling QA/QC 

Groundwater samples will be collected from area wells and analyzed for chemical and microbial 

data (Tables D.I and D .2). All sampling will be performed in accordance with the Quality 

Assurance Project Plan (QAPP) and the Sampling and Analysis Program (SAP) developed as part 

of the RFI for this site. Samples to be analyzed will be sent to the site-wide selected contracted 

laboratory. Analytical work on 10% of the samples submitted will be performed to CLP Level IV 

standards with the remainder at CLP Level III standards, all at standard turnaround times. 

G:INA VYICTO-029IZ0NE-KI Treat-wpIDesign-FinaIl166 _ design_doc. wpd 
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Draft SWMU 166 Anaerobic-Aerobic Sequencing Design Document 

Comments! Responses to Comments 

The following is a summary of SCDHEC's written and verbal comments and EnSafe's responses 

on the Draft SWMU 166 Treatability Study Design Document dated April 16, 1999. 

Comments of Paul Bergstrand 

Comment 1 

Page A -14, Section 1.1 Pump Design 

The third bullet in this section calls for pumps that are "Top-loading for total fluid recovery." It 

is not clear how top loading pumps will be an advantage when pumping water contaminated with 

a chlorinated solvent. Please address. 

Response 1 (Page A-14, Section 1.1. Pump Design) 

Tbe sentence on top-loading pumps is not needed and deleted. We will use only a down-well 

located (submersible) air operated pump. The text will be revised accordingly. 

Comment 2 

Page A-14, Section 1.1 Pump Design 

The seventh bullet in this section calls for the pumps to "Know when they are full or empty and 

therefore, automatically through on or off, using air only on demand during discharge cycle." 

This statement makes no sense. Please revise. 

Response 2 ( (Page A-14, Section 1.1. Pump Design, Bullet # 7) 

This sentence is confusing. This sentence will be changed to read: 

Pump control wiii be regulated using a liquid ievei controiier iocated in the hoiding tank to 

turn the pump(s) on and off. 

Conlmenl3 
Page A-18, Groundwater well system 

All proposed wells are 4 inch diameter. The well proposal dated 3 May 1999 had some of the 

wells as 2 inches in diameter. Please clarify. 



Response 3 

Zone K SWMU 166 AA Sequencing Treatability Study 
Draft Design Document 
Respunse to Commenis 

Injection and extraction wells will be 4 inch diameter to improve efficiency. Monitoring and 

sparging wells will be 2 inch diameter. 

Comment 4 

No Page Numbers, Tab B 

Most of the diagrams represent wells and recovery systems for free product hydrocarbons. If 

portions of the systems are intended for use in this project the applicable sections should be 

highlighted in some manner or the non-applicable sections explained in a text outlining the plan. 

Please clarify. 

Response 4 (Appendix A, Cut sheets). 

The same diagrams that are applicable for free-product hydrocarbons are also applicable for 

recovery of soluble phase chlorinated solvent groundwater. The manufacturer's cut sheets 

do not come separately for dissolved or soluble phase recovery of contaminated groundwater. 

Therefore, we have presented all their cut sheets. 

Comment 5 

Page C-5, Drawdown Corrections. This section is not clear. Please explain. 

Response 5 

Section 2.2 of Appendix C notes a 1.13 foot average rise in deep well water levels following 

a 2.93 inch rain event. Section 3.1 later says that ambient water levels had negligible effect 

on drawdown data. These statements are contradictory as presented. However, the text has 

omitted the facts that the rainfall event occurred about 24 hours into the test and draw down 

data collected after the rain event was not needed to estimate transmissivity and conductivity. 

The teit..1: in Section 3.1 will be revised to reflect this. 

Comment 6 

Page C-5, Data Reduction and Compilation 

The drawdown model used was for a leaky confined aquifer. It appears this model does not 

represent conditions at SWMU 166. Please address. 
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Response 6 

Zone K SWMU 166 AA Sequencing Treatability Study 
Draft Design Document 
Response io Commenis 

At the pumping well and nearby observation well there is a localized upper clay semi

confining unit. This local feature caused the aquifer to behave in leaky confined fashion. 

This clay feature is absent in the newly located treatability study area, however aquifer 

geology appears otherwise similar. 

Comment 7 

Page C-7, Conceptual Model 

This paragraph is contradictory. The first sentence describes a "mosaic of fluvial and shallow 

marine deposits containing mostly sands with minimal amounts of clays and silts." Yet the model 

used "treated the aquifer as a single isotropic and homogeneous layer," Please address the 

following concerns 

A. The flow of groundwater and contaminated groundwater is not uniform. The use of this model 

does not address the major and minor flow paths, which are presented in the second MNA Report. 

B. The distribution of contamination is not uniform across the site. Drastic differences in 

contaminant ieveis exist from weB to weB over the space of i 00 feet but have not been expiained. 

The use of this model implies the distribution of contaminants is controlled only by groundwater 

flow. 

C. This model does not address how small scale flow variability within the aquifer may exert 

significant control of contamination migration during the treatability study. 

Response 7 
A. Due to the small scale of this treatability study (about 60 feet from injection to extraction) 
and because all of the 'water bearing horizons ,vithin the unit are hydraulically connected, ,ve 

do not expect major and minor flow pathways to significantly affect the process. Moreover, 

any full-scale remedial system would be designed to address the unit as a whole and would 

not likely be affected by minor variations in flow pathways. 

B. The comment is correct in that the distribution of contaminants is not uniform across the 

site. The addition of extra monitoring wells in the treatability area will better define the 
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Zone K SWMU 166 AA Sequencing Treatability Study 
Draft Design Document 
Response to Comments 

distribution of contaminants and groundwater flow in the study area, however the 

CAPZONE model will only address hydraulic, not chemical, distributions in the aquifer. 

C. Small scale flow variability will occur, however recirculation mixing and chemical 

diffusion will dampen these effects. However, spatial distribution of test parameters (changes 

in water levels and contaminant concentrations) will be evaluated among the different 

monitoring wells to examine whether small scale flow variability had any effect. 

Comment 8 

Page C-7. Data Compilation. This paragraph indicates the saturated thickness of the aquifer to 

be 25 feet. The AQTESOL VE program for the drawdown tests used a saturated thickness of 8 

feet. Please resolve the contradiction. 

Response 8 

The localized upper clay semi-confining unit restricted the aquifer thickness to 8 feet in the 

area of the pumping well. However, this clay unit is absent in the treatability study area 

where the aquifer is about 25 feet thick. The treatability study was originally planned in the 

area oi the pumping test weii. However, pump test resuits indicated a need to reduce the 

distance between the extraction and injection wells which would have caused access 

restrictions due to building and traffic flow in the area of the pumping test well. Therefore, 

the treatability study was relocated to south of the motor pool parking area. 

HydroSOL VE, Inc. can be contacted at 703-264-9024 or www.netcom.com/- gmd.hsi 

Comment 9 

Page C-9, Analysis. This paragraph states "Approximately 50% of injected groundwater will be 

recapt' .. .lfed witllin 6-montb,s by the recovery wells. The remaining 50% will eit!ler skirt th_e 

anticipated six-month capture zone of the extraction wells or travel on the upgradient side of the 

upcone re-injection surface. This 50% can likely be captured using a longer time period of 

performance." Only 50% capture appears to be a lack of hydraulic control. Please address. 

Response 9 

Modeling indicates that 50% of the reinjectate will reach the extraction wells and be 

recirculated through treatability study area. Because this is a no-net-Ioss recirculation 
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Zone K SWMU J 66 AA Sequencing Treatability Study 
Draft Design Document 
Response to Comments 

system, some of the reinjectate will not be recovered due to ambient flow. The model placed 

hydraulic stresses on the sloping configuration of the potentiometric surface, and naturally 

hydraulic interferences complicate the recovery. If the system were allowed to operate for 

a longer time frame (2 yrs or longer) then 100% capture would be likely. 

Mounding due to the air sparging wells may occur during the study and will be assessed as 

part of groundwater monitoring at the site. However, air sparging will be done only to 

provide an oxygen source in this application and will be much less than that seen during 

typical sparging where the air is used to strip VOCs in-situ. 

Comment 10 

Page 0-1, Baseline analytical Sampling. This section states "Samples will be collected from""", 

treatability monitoring wells and existing monitoring wells located within the area of influence of 

the treatability study." Given the area of influence from the drawdown test, this study should 

include wells 14D, lID and an additional treatability monitoring well. Please revise. 

Response 10 
Concur. Wells 14D, lID, and an additional new treatability monitoring well will be included 

in monitoring and added to Tables D.2 and D.3. These wells will provide better coverage in 

assessing the spatial distribution of TS effects. 

Comment 11 
Page D-I, Baseline analytical Sampling. Because the distribution of metals may change and 

precipitation of metals may result from the treatability test, metals should be sampled at the same 

frequency as VOC and Biochemical parameters. Please revise. 

Response 11 
Concur. The drastic changes in redox potential expected in the TS area may result in 

changes in soluble metals concentrations. 

Comment 12 

Page D-4, Hydrogeological Monitoring. The treatability study monitoring wells should be 

included in this measurement effort. Please revise. 

5 



Response 12 

Zone K SWMU 166 AA Sequencing Treatability Study 
Draft Design Document 
Response to Comments 

Concur. Water levels from the TS wells will aid in assessing study area hydrology. 

Comment 13 

Page D-4, Chemical Feed System. Please describe how decisions to augment chemical feed or to 

modify flow rates will be made. 

Response 13 (Chemical feed System) 

The following paragraph can be added to make it more readable: 

Monthly groundwater sampling and analysis for total organic carbon (TOC), nitrogen, and 

phosphorus will be used to determine the need for modification in chemical addition. 

Generally, the ideal ratio of organic carbon (TOC): nitrogen: phosphorus is 100:5:1. If 

groundwater sampling results show that there is significant departure form this recommended 

optimal ratio, chemical feed amounts of carbon and nitrogen will be modified to maintain this 

ratio. 

Comment 14 

The Underground Injection Control Application dated February 9. 1999 has not been approved 

and as of 17 May 1999 has not been updated or resubmitted. The reply letter dated 12 April 1999 

clearly states" Air sparging wells are defined as injection wells ...... " and that "These wells (i.e., 

all injection wells) must receive a Permit to Construct and Operate from the UIC Program prior 

to their installation and operation." Please address. 

Response 14 

Robert Devlin (reinjection permitting) and Tim Eleazor (waste water treatment construction 

permitting) of SCDHEC have been contacted and concerns in the April 12, 1999, letter have 

been addressed. The revised injection control permit application was distributed the week 
of 5/24. 
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Comments of Mihir Mehta 

Comment I 

Zone K SWi\fU 166 AA Sequencing Treatability Study 
Draft Design Document 
Response to CommellIs 

The referenced document should have an introduction section describing the overall goals and 

objectives of the document. It should also reference previous documents leading to the 

development of the referenced document. This will help the reviewer to understand the issue at 

hand in an appropriate fashion. Please revise the document accordingly. 

Response 1 

An introduction has been added to the beginning of the document outlining the objectives of 

the study. Additional detail on goals and objectives can be found in the March 1999 TSWP. 

Comment 2 
From review of the referenced document, it appears that the area indicated for field 

implementation of the referenced treatability study has been changed from the review of the work 

plan dated December, 1998. The current field location for the treatability study is associated with 

the area of low contaminant concentration. Please provide rational, discussion, and the 

consequences as a result of this change. 

Also note that the December work plan has not been revised consistent with the comment 

discussion during the conference call. 

Response 2 
The introduction will include the following explanation for why the study area was offset 

from the location outlined in the TSWP: 

The study location ,,,as moved based on capture zone modelillg \vhich sho\ved that a 

much smaller area would be required in order to achieve complete recirculation of 
extracted groundwater in the 4 to 6 month time frame planned for this study. If the 

test were not moved, it would have interfered with daily operations at the naval Annex 

through disrupting traffic flow and access to the motor pool area. The new test 

location lies near the centerline of the plume in an area with about 5,000 ug/L total 

chlorinated solvents in groundwater based on observations in well IOn. This should 

provide an even better indication of AA capabilities than the previous location. 
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Zone K SWMU 166 AA Sequencing Treatability Study 
Draft Design Document 
Response to Comments 

A revised TS work plan was completed in March 1999 to address SCDHEC comments on the 

December 1998 version. A copy can be obtained by contacting Ted Blahnik in the EnSafe 

Dallas office at (972)791-3222. 

Comment 3 

Section I, page A -18 

The document has only two maps that are of poor quality and difficult for the reviewer to interpret 

and correlate them to the text and design. Please provide appropriate maps and figures that 

illustrate groundwater flow direction, current groundwater contamination, groundwater monitoring 

wells in the vicinity of the groundwater plume, groundwater aquifer system, and other physical 

features as deemed appropriate. 

The maps need to show the locations of the proposed treatability study monitoring wells. 

Response 3 

A map (Figure C.1) showing the location of the existing and proposed wells will be added to 

the document at the end of Attachment C. 

Comment 4 

Please show the locations of the nearby monitoring wells on a map with respect to groundwater 

flow direction, contaminant plume and other well locations. 

Response 4 

Please reier to response 3. 

Comment 5 

Section 2 and 3 describe what tests have been conducted in order to detennine the aquifer 
characteristics and presents the results respectively. The document fails to detail key points (such 

as default parameters, chemistry, etc) that are associated with these tests and the rational for their 

selection. Please provide appropriate figures to understand the results of the tests that are 

conducted as described in the text. For example, on page C-6 last line states that "this indicates 

a radius of influence of at least 246 feet; the distance between PW-l and 06D." It is difficult to 

picture the radius of influence with respect to the location of the treatability study design wells. 
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Response 5 

Zone K SWMU 166 AA Sequencing Treatability Study 
Draft Design Document 
Response to Comments 

Section C.l has been revised to address Comment 5. In general, aquifer testing and 
subsequent capture zone modeling was performed in order to adequately size and space the 
treatability recovery and injection systems. Additional data to be collected as part of the 

treatability study will further characterize the aquifer and allow for similar estimates of size 
and spacing required for a full-scale AA system. An additional map (Figure C-l) will be 

included in the revised design plan showing updated existing and proposed well locations so 
that the study can be better visualized. 

Comment 6 
Please provide necessary figure illustrating the conceptual model as described in the test. 

Response 6 
A lithologic cross section of the area is provided in the Zone K RFI report and March 1999 
TS work plan. Boring logs are also available in the RFI report. 

Comment 7 
The introduction paragraph indicates that the modeling was performed to located the injection and 

extraction wells and extraction and recharge rates. The modeling failed to evaluate the 

interference of the extraction wells, injection wells, and air sparging wells, and hydraulic control 

of the groundwater plume. 

The modeling also failed to predict modeled groundwater contaminant concentrations at various 

locations during the treatability study as quantitative goals to be achieved. This should be 

evaluated for both anaerobic and aerobic conditions 

Response 7 
Section C.4.3 has been revised to address the first part of Comment 7. Please note that 
groundwater table elevations will be monitored during the study to evaluate mounding effects 
caused by the injection and sparging wells and to assess the extent of hydraulic control of the 

plume in the study area. 

In response to the second part of Comment 7, predictive chemical fate and transport 

modeling was not completed as part of this design. This study is being performed in part to 
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Zone K SWMU 166 AA Sequencing Treatability Study 
Draft Design Document 
Response to Comments 

answer F &T questions raised in the comment, however there are no qnantitative goals. The 

study aims to produce quantitative estimates for achievable degradation rates and end-point 

concentrations of TCE and its daughter products so that a site-wide system can be evaluated 

and designed. Additional details on study goals and objectives can be found in Section 3 of 

the March 1999 TSWP. 

Comment 8 

Table D-2. Periodic sampling protocol 

Please include monitoring for daughter products as deemed appropriate. 

Response 8 

Per the request of Mr. Bergstrand, the monitoring suite has been expanded to include metals 

and VOCs for all analytical sampling well locations. 

Comment 9 

Please provide a map showing the TS monitoring wells. 

Response 9 
An additional map (Figure Col) will be included in the revised design plan showing updated 

existing and proposed well locations so that the study can be better visualized. 
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